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INTRODUCTION 


Thomas Y. Lo 


WHERE DID WE COME FROM? How DID LIFE EMERGE IN THE FIRST place? 
Was there a beginning of the universe? How did it come to 
be? | long wrestled with these sorts of questions. But even 
as | was falling in love with modern science, | remained 
unaware of some recent scientific discoveries that cast fresh 
light on these ancient mysteries. 


| was born in Nanjing, China, the third of four children. 
When | was two years old our family moved to Taipei, 
Taiwan, where | spent my childhood and early teenage 
years. My mother was a homemaker who later studied 
accounting and worked in a private all-girls high school to 
help with the family income. My father was a strict military 
officer who brought his workplace standards of discipline 
and rigor into the home. Family life was stressful and we 
dared not disobey or disappoint my father. When | was 
about ten years old, my family embraced Christianity, 
bringing with it a softening of my father’s approach and a 
positive change in our family environment. This was a good 
time for our family. 


At the age of twelve, | attended a church retreat. There 
were more than one hundred people in attendance, ranging 
in age from 11 to 82, including college students, young 
professionals, and retirees. In the last evening of the week- 
long program, the entire congregation underwent an 
unforgettable spiritual experience. As a result, | eventually 
decided to be baptized. However, even though | felt | had 
experienced a genuine spiritual experience in my own life, 
perhaps even a small miracle, | remained skeptical of the 


miracles in the Bible. They seemed too big, too grand, too 
different from the experiences of my own life. Could they 
really be true? If the events related in the Old Testament 
and the New Testament weren’t based on objective scientific 
evidence, how could they be credible? 


As | went through my teenage years, the doubts only 
grew stronger with time. Classmates teased me about my 
faith. Teachers made condescending remarks’ about 
Christianity. | found it all very uncomfortable and irritating. 


After | started college, this growing internal tension drove 
me away from my Christian faith. Externally | was still going 
through the motions, but internally | was not committed. | 
was living at home at the time, still having to go to church 
with my family and attend Christian fellowship groups on 
Campus. It was tearing me apart emotionally. There was no 
joy in my life. 

At the same time, | became deeply troubled by the big 
questions: What is the meaning of life? Why am | here? 
What am | supposed to do with my life? | immersed myself 
in the literatures of existentialism and Buddhism. Without 
finding any satisfactory answers, | sometimes felt frustrated 
and depressed. My quest for meaning and purpose didn’t 
end, but | began to look for answers outside of the spiritual 
and religious realm. It didn’t take long before | found the 
answers | was searching for. 


Or at least | thought | had. 


When | took modern physics in my third year of college, 
my professor described how electrons, protons, and 
neutrons behave in an atom. | immediately fell in love with 
it. The resemblance! between the numerous galaxies 
revolving in the enormity of space and the simple model my 
professor shared of the infinitesimal elementary particles 
orbiting in an atom captivated me. 


Having found my passion in science and engineering, | 
set aside the big questions. My study of astronomy, 
geology, genetics, and the history of science in my later 
years, however, eventually led me back to them. 


Yes, science led me back to the big questions, and | was 
in good company. About thirty-five years before my physics 
class, Albert Einstein found himself struggling to hold onto 
his belief in a static and eternal universe, one that was not 
created but had always existed. However, he felt compelled 
to revise his views after learning about several lines of new 
evidence, including the Doppler-like redshift of distant 
galaxies discovered by Edwin Hubble and_ other 
astronomers. 


In January 1931, Hubble invited Einstein to visit 
California’s Mt. Wilson Observatory to view Hubble’s work on 
the redshift phenomenon. Perhaps the most famous 
photograph of the event shows Einstein peering through the 
eyepiece of the massive 100-inch Hooker Telescope,? then 
the world’s largest. This now-famous scene of Einstein 
gazing up at the distant heavens while Hubble stands 
immediately behind him, a solemn look on his face and pipe 
in hand, was more of a media “photo op” than an actual 
scientific observation, but the image has come to represent 
both the reality of the expanding universe, and Einstein’s 
willingness to embrace the evidence and follow it wherever 
it leads, even when it challenged his prior views. 


The receding galaxies that generate the redshifts implied 
a beginning moment of the universe—what has come to be 
known as the Big Bang, and which seems to point to a 
dramatic creation event. | now wonder why the implications 
of this extraordinary finding—and in particular, the way that 
it upended the conventional scientific wisdom of an eternal 
universe—was not emphasized in my college textbooks or 
mentioned in my classrooms. Had | known about this 
powerful cosmological evidence of creation ex nthilo 


(creation out of nothing), would my struggle with the big 
questions have been less painful? | can’t help but wonder. 


The discovery that the universe did indeed have a 
beginning was followed by a series of discoveries in physics, 
chemistry, and astronomy showing that the laws and 
constants of physics and chemistry are narrowly fine-tuned 
to allow for life in the universe—to such a precise degree 
that it has the strong appearance of intention behind it. 


One Nobel Prize-winning astronomer, Arno Penzias, put it 
this way: “Astronomy leads us to a unique event, a universe 
which was created out of nothing, one with the very delicate 
balance needed to provide exactly the conditions required 
to permit life...”3 


Although these discoveries are more widely known today 
than they were thirty or forty years ago, many people are 
still unaware of the details or their potential implications. 
Even if science textbooks mention the Big Bang or the fine 
tuning of the universe, they often do so in a cursory and 
one-sided manner that downplays their significance. It’s as 
if the textbook authors don’t want their audience to open 
the door and walk through. That’s unfortunate, because the 
evidence on the other side of the door is fascinating. It’s 
charged with hints about our origins, and about what may 
have existed before and may exist beyond the universe. 
We'll walk through that door and take a look around, 
beginning in the next chapter. 


Information and the Origin of Life 


IN THE twentieth century, while physicists and cosmologists 
were unraveling some of the mysteries of the universe, 
scientists in other fields were busy puzzling out the mystery 
of information and its implications for the origin of living 
things. It’s a story with one foot in biochemistry and another 
in computer science. 


In 1948, five years after the first vacuum-tube computer 
was built, the transistor was invented by three physicists: 
John Bardeen, William Shockley, and Walter Brattain. That 
Same year Claude Shannon published “A Mathematical 
Theory of Communication,”* which provided key insights 
into what would later become known as information theory. 
Shannon also introduced the word “bit” as a basic unit of 
information in computing and communications. Both of 
these developments helped propel the electronics industry 
to the present digital age. Little did these scientists know, 
however, that the digital age they ushered in would one day 
help us understand biological systems and provide insights 
into one of the key questions | had wondered about in my 
college days: the origin of life. 


In 1952 Rosalind Franklin, at King’s College, London, did 
ground-breaking work examining DNA’s structure by X-ray 
crystallography. Based in part on Franklin’s work, James 
Watson and Francis Crick made the now famous discovery 
that DNA is shaped like a twisting ladder, what is known as 
a double helix. 


In addition to the helical structure, Watson and Crick 
proposed that the four types of nucleic acids—abbreviated 
as A, T, C, and G—would line up exclusively in A-T and C-G 
pairs. This elegant chemical structure suggested to Watson 
and Crick a “possible copying mechanism” for DNA,° with 
the long DNA molecule containing numerous possible 
sequences of A-T and C-G pairs that could carry hereditary 
information. Watson and Crick turned out to be right on both 
counts, and their discovery marked a turning point in our 
understanding of every living organism. 


Further research confirmed that DNA and_ other 
molecules in the cell respond, not randomly, but 
purposefully, somewhat like a microcomputer executing 
machine instructions. The cell even has repair systems to fix 


DNA that has been damaged by external forces, akin to an 
error correction algorithm in a software program. 


The discoveries of DNA’s structure and the cell’s 
information processing and repair systems forever changed 
our understanding of life’s origin. With the Big Bang, mass 
and energy had emerged. Yet with no genetic information or 
digital codes, how was information generated to build life in 
the first place? This question has bedeviled the origin-of-life 
field ever since. Chapters 2 and 3 explore the question, and 
compare some of the competing explanations. 


Evolution and Irreducible Complexity 


THEN THERE’S the question of later biological origins. That is, 
once the first living organism was on the scene, how did all 
the other life forms we find around us emerge? 


The standard explanation | was taught is that it all 
evolved blindly, one tiny accidental variation at a time, over 
billions of years. This is the theory of evolution by natural 
selection, first propounded by Charles Darwin and Alfred 
Russel Wallace some 160 years ago, and expanded to 
include modern genetics in the next century. 


The implications of this theory were plain to me. Humans 
were not the culmination of a meaningful plan. We were not 
here for a purpose. The universe just burped us up. Any 
meaning we found in life we would have to manufacture 
ourselves. 


What | didn’t know at the time was that there was a great 
deal of misinformation about evolution taught to me, and a 
lot of important missing information. For example, no one 
ever bothered to mention that Wallace, the co-discoverer 
with Darwin of the theory of evolution by accidental 
variation and natural selection, went on to insist that some 
sort of creative intelligence must have been involved. For 
Wallace, a_ blind evolutionary process of accidental 


variations and natural selection was insufficient to turn ape- 
like creatures into human beings, with our unique capacities 
for speech, reason, and art.© He wasn’t a Christian or Bible 
believer, so clearly he wasn’t attempting to shoehorn the 
science into some particular reading of the book of 
Genesis.’ Instead, he appears to have been driven to his 
conclusion purely by an examination of the scientific 
evidence. 


Another thing none of my textbooks mentioned was the 
truth about nineteenth-century German zoologist Ernst 
Haeckel’s classic embryo drawings. Intended to prove that 
humans descended from fish-like ancestors, Haeckel’s 
embryo drawings were long a staple of high school biology 
and college textbooks. They have been used in one form or 
another for close to 150 years. But it turns out that his 
drawings were inaccurate’—even fraudulent.2 This was 
known when | was in high school and college, but the fact 
was ignored. There is finally some work being done to 
correct the matter,!° but it remains to be seen how long it 
will take textbooks to fully incorporate the truth. 


Why has it proven so difficult to reform science education 
in a case like this, where the error is so obvious? Modern 
versions of Darwin’s theory of evolution form the reigning 
paradigm for explaining how all the various species 
emerged in the history of life. And anything that seems to 
challenge that paradigm faces resistance. However, the 
good news is that ranking biologists are now open to 
discussing needed revisions to the theory of evolution. For 
instance, Dr. Gerd Muller, head of the Department of 
Theoretical Biology at the University of Vienna, recently 
observed that emerging findings from various fields of 
science demand dramatic alterations to the theory.!! 

There are other accomplished scientists who are willing 
to go even further. Over twenty years ago | happened to 
catch a science debate on PBS. | was amazed as | heard 


capable and credentialed scientists challenge the traditional 
evolutionary story, not on the basis of the Bible or religious 
arguments, but on the basis of the scientific evidence. One 
scientist in particular cited evidence from molecular biology 
that challenged the traditional evolutionary narrative and, 
as he argued, provided support for the role of intelligent 
planning and purpose in the origin of living organisms. Later 
| learned about the bacterial flagellum, a kind of nano-motor 
with a long whip-like propeller that helps many species of 
bacteria move through their watery environment. | was 
fascinated by this marvel of miniaturized technology, with 
its many interconnected and interdependent parts. !2 


Could the mutation/selection mechanism, or any purely 
blind, mindless process construct such an engineering 
marvel? This is explored in Chapter 4. That chapter also 
explores a more fundamental challenge for modern 
evolutionary theory: explaining the source of biological 
variation. 


Biology’s Big Bang 
RESEARCH INTO how life arose involves the study of DNA and 
molecular machines like the bacterial flagellum, but the 
fossil record also comes into it, including what is arguably 
the most astonishing layer of the fossil record, the 
Cambrian. This ancient stratum testifies to what is known as 
biology’s Big Bang, the relatively sudden appearance of the 
major groups of animals. What’s remarkable is that these 
animal forms are highly distinct one from another, and they 
have no precursors below them in the fossil record other 
than some extremely distantly related sponges and the like. 
It’s as if this menagerie of bizarre sea creatures just popped 
into existence out of nowhere. 

Charles Darwin himself acknowledged what is now known 
as the “Cambrian Explosion” as a puzzle for his theory 160 
years ago, and the mystery remains unresolved today. What 


do the biology textbooks say about it? The challenge is 
generally papered over, or ignored altogether. Some 
scientists speculate that sudden seawater warming during 
that period expedited the mutation rate, accelerating the 
evolutionary process. Some say it was the magma outburst 
through the ocean rifts that brought in huge quantities of 
nutrients to cause new species to evolve. Others say that an 
increase in atmospheric oxygen was a big player. Others 
insist that the sudden explosion of new animal forms is only 
apparent, an artifact of an incomplete fossil record. 
However, none of these ideas provide an adequate 
explanation, and there has been no consensus among 
scientists. 


Some thirty years ago | got a chance to learn more about 
the Cambrian explosion at a university theater hall event. 
What | most remember from the talk is the professor 
discussing Cambrian fossils found in the Yunnan province of 
China, an extraordinary fossil find that heightened the 
mystery of the Cambrian explosion. 


| feel fortunate that | recently became connected with 
the marine biologist who gave that talk thirty years ago, Dr. 
Paul Chien. In Chapter 5, he shares his personal stories of 
visiting key Cambrian fossil sites, and explains why he has 
concluded that the best explanation for the Cambrian 
explosion is not blind evolution but purposeful design. 


A Guide for the Perplexed 


THIS BOOK is intended as a brief, accessible introduction to 
what can be a perplexing debate. To that end some of the 
endnotes include references not only to scholarly works but 
also to helpful YouTube videos and other resources tailored 
for people new to the subject. Several of these are also 
listed on a Recommended Resources page in the back of the 
book. 


Because three terms have proven a particular source of 
confusion in the origins debate, let’s briefly unpack them 
here. 


Materialism—|In the context of origins science, 
materialism refers to the idea that all that exists is matter 
and energy. In science and philosophy, a materialist is not 
someone who loves big houses and fast cars. A materialist 
is someone who claims that everything results from, and 
can ultimately be explained by, the purely material 
interactions of energy and particles of matter. There are 
variations among materialists, and additional nuances we 
could explore, but for our purposes at this stage, it’s enough 
to keep in view that the worldview known as materialism 
holds that the workings of matter and energy are sufficient 
—in and of themselves, without any planning, guidance, or 
intelligent intervention—to account for the universe, the 
first life, and all living organisms. The question we pose and 
seek to explore in this book is whether the latest science 
actually supports that worldview. 


Creationism—I|n popular culture, including the news 
media, creationism usually refers to an explicit defense of 
the creation account found in the first book of the Bible, 
Genesis. Creationism also typically involves an effort to 
explain geology and the fossil record in light of the great 
flood described in Genesis. Creationism defends the Bible as 
authoritative, and seeks to understand scientific data and 
discoveries in the context of Scripture. This book is not 
intended to support or rebut creationism or to defend any 
scriptural interpretation, but rather to lay out the science as 
it currently stands. While we do not discuss creationism, 
however, it is important for the reader to understand what 
the term typically means and how it differs from both 
materialism and intelligent design. 


Intelligent Design—The theory of intelligent design holds 
that certain features of the universe and of living things are 


best explained by an intelligent cause rather than by purely 
undirected natural processes. In a broader sense, intelligent 
design is the science of design detection, and it involves 
recognizing patterns that have been arranged by an 
intelligent agent for a purpose. The science of design 
detection crops up in fields as diverse as archaeology, 
forensics, fraud detection, and physics. Intelligent design 
may be compatible with one or more religious viewpoints, 
but it is not itself a religious argument. Intelligent design is 
restricted to scientific evidence, such as the information 
content in DNA, the functionally integrated molecular 
machines in living organisms, or the fine-tuning of the laws 
and constants of physics and chemistry. 


1. THE BIG BANG AND THE 
FINE-TUNED UNIVERSE 


Robert A. Alston 


EVER WONDER HOW PHYSICISTS EXPLAIN WHERE THE UNIVERSE Came 
from? For a long time the go-to explanation was that the 
universe didn’t come from anywhere because it simply 
always existed. But then a funny thing happened. Scientific 
discoveries revealed that our universe was not always here. 
It came into existence about 13.8 billion years ago.! Sit back 
while | tell you the story of how we came to this discovery. 


Since the invention of the telescope, humans have 
peered deep into the night sky and seen the wonders of the 
cosmos previously hidden from us. The more the telescope 
advanced, the farther we looked and the more we saw. The 
farther and farther we looked the more it all looked the 
same: stars and gas clouds. It seemed like it would never 
end. This reaffirmed the view of many scientists that the 
universe was infinitely large and infinitely old. At the turn of 
the twentieth century, this was the conventional wisdom in 
astronomy. 


Then, in 1915, German physicist Albert Einstein changed 
everything with his general theory of relativity. After working 
out his calculations (with pencil and paper, | might add), he 
noticed something odd. The calculations suggested that the 
universe was either expanding or contracting.2 This was 
strange. Einstein thought it had to be a mistake. Like his 
colleagues at the time, he was certain that the universe was 
static and eternal. But if it was expanding, it was hardly 


static, and it was hard to see how an expanding universe 
could have been expanding forever. So, he did what any 
good physicist would do. He fiddled with his equation! 
Einstein scratched into it another number—a “constant”— 
which would fix his problem, salvaging the static, eternal 
universe model. 





Figure 1.1. Albert Einstein. 


This seemed to solve the problem, but he would later call 
this change to his equation the “biggest blunder” of his life. 


Hubble Trouble 


IN 1923, at Mt. Wilson Observatory in California, Edwin Hubble 
was performing the mundane routine of observing nebulae, 
objects that appeared extended and fuzzy through a 
telescope, with the largest telescope in the world at that 
time, and he discovered that some of these were in reality 
other galaxies. At the same time, this discovery showed that 


our Milky Way is also a galaxy—not the whole of the 
observable universe but simply one galaxy among many in 
the universe. 


As if that weren’t amazing enough, he noticed a few 
years later something peculiar about the light emitted from 
these galaxies. The farther away a galaxy was from us, the 
more the color of its light was shifted to red. This told him 
that these galaxies were moving away from us, and that the 
farther away they were, the faster they were moving away. 
It appeared as though the universe was expanding, and 
indeed it was. 


When Einstein caught wind of this, he traveled to 
California to see this phenomenon for himself. What he saw 
forced him to erase the mathematical addition to his 
equation and concede that in fact the universe was 
expanding. 

But it wasn’t just strange to his way of thinking. The idea 
of an expanding universe had _ profound implications. 
Imagine we are watching the universe on television and can 
fast-forward and rewind through time like we can with 
movies at home. What would it look like if we were to rewind 
and keep rewinding at high speed? If the universe is 
expanding over time, as Hubble realized, then if we 
rewound our movie of the universe backwards in time, we 
would see the universe and all the matter and energy in it 
Shrink into a smaller and smaller space, until eventually the 
universe shrank down to an infinitesimal point so small that 
we couldn’t see it, and beyond which time as we know it 
would not exist—a point that physicists call a singularity. 


Now imagine that we stop rewinding and press play 
again. At first we don’t see anything on our screen, just 
blackness. Then, suddenly, out of that infinitesimal point we 
see a brilliant flash of light as matter and energy pour out, 
expanding and expanding until we see the universe we 
recognize today. This brilliant flash, this spark, this flowering 


of matter and energy at the birth of our universe, has come 
to be known as the Big Bang. 


Georges Lemaitre, a Belgian Roman Catholic priest and 
physicist, was the first to describe a theory similar to what is 
known today as the Big Bang model.* This model points to 
the universe having a definite beginning. “The evolution of 
the world can be compared to a display of fireworks that has 
just ended: some few red wisps, ashes and smoke,” 
Lemaitre wrote. “Standing on a cooled cinder, we see the 
Slow fading of the suns, and we try to recall the vanished 
brilliance of the origin of the worlds.”> 


But this notion that the universe had a beginning did not 
sit well with many at that time. Some were even disgusted 
by it. Renowned English astronomer and physicist Arthur 
Eddington said that “philosophically, the notion of a 
beginning to the present order of Nature is repugnant.”® 
Notice that Eddington didn’t claim the science was bad or 
that these new scientific discoveries were repugnant. 
Rather, he was bothered by the philosophical implications of 
the discovery. 


In fact, it was an opponent of the theory, Sir Fred Hoyle, 
who coined the name for Lemaitre’s theory, referring to it 
mockingly as “this big bang idea” during a radio broadcast.’ 
Over the years, many theories were proposed to get rid of 
this “definite beginning” of the universe, and a war of 
theories was waged until, finally, in the 1960s, a dramatic 
discovery left only one winner standing. 


Cosmic Static 


A PHOTON iS a packet of electromagnetic energy. When you 
turn on a light switch, the light bulb emits an outward flow 
of light packets, or photons, in the frequency range humans 
can perceive with their eyes. This allows you to see 
everything in the room. Other photons exist in frequency 


ranges invisible to the human eye. But just because you 
can’t see something doesn’t mean it isn’t there. 


On May 20, 1964, at Bell Labs in Holmdel, New Jersey, 
Robert Wilson and Arno Penzias detected a message from 
the universe. It came in the form of static noise and it was 
coming from all directions. They did all they could to remove 
all possible noise sources, including cleaning off pigeon 
poop found in the radio antenna. But the noise remained. 





Figure 1.2. The 15-meter Holmdel horn antenna at Bell Labs, used by radio 
astronomers Robert Wilson and Arno Penzias to discover the Cosmic 
Microwave Background Radiation. 


Penzias later remarked, “It wasn’t until we exhausted 
every possible explanation for the sound’s origin that we 
realized we had stumbled upon something big.”® 


What they discovered were photons permeating the 
entire universe, photons that had only one possible origin, 
the Big Bang. These photons are known as the Cosmic 
Microwave Background Radiation. 


Some of you may remember an old TV your grandparents 
had that displayed static noise on the screen when it wasn’t 


tuned properly to a channel. Perhaps as much as 1% of that 
noise is the result of photons from the Big Bang.? Every 
cubic centimeter of space has at least 300 of these photons 
moving through it.+° 


Wilson and Penzias’s finding corroborated the Big Bang 
theory and earned them the Nobel Prize in physics. The 
background radiation they discovered is believed to be the 
very photons present shortly after the Big Bang.!! In the 
early stages of the universe, its size was only about a 
hundred-millionth the size it is today, and its temperature 
was extreme, approaching 300 million degrees. Hydrogen 
couldn’t form because electrons and protons quickly broke 
apart due to the high speed of the collisions. As a result, 
traveling photons would scatter off the electrons as light 
scatters in the midst of fog, without dispersing any farther. It 
took 380,000 years after the Big Bang for the universe to 
cool enough for hydrogen to form, thus freeing photons to 
travel in straight lines. 
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Figure 1.3. Graphical representation of the development and expansion of 
the universe during its multi-billion-year history. Note the Cosmic Microwave 
Background Radiation image (Afterglow Light Pattern) represented near the 

far left of the graphic, shortly after the beginning of the universe. 


The Cosmic Microwave Background Radiation is a 
Snapshot of the density of photons at that time—a picture of 
their distribution through the universe after the electrons 
combined with protons to form hydrogen and the mist was 
cleared.!2 Sometimes referred to as the Cosmic Rosetta 
Stone, it has characteristics that give us many clues about 
the origin and earliest stages of the universe.!3 These 
photons could only exist in the evenly distributed state we 
find them in if the universe were once smaller in volume, 
denser, and thus hotter.!4 


The Big Bang theory won the war of theories and soon 
became a household name. But there was more to come. 
Still more evidence supporting the Big Bang theory arrived 
as our telescopes continued to advance. 


A Video Link to the Past 


Dip You Know that you have the power to look into the past? 
No, | don’t mean looking at your memories, or at photos of 
the past. | mean you actually have the power to look at 
something as it appeared in the past, not in the present. 


Look out your window. If you see the sun (please don’t 
look directly at it; | don’t want you to harm your eyesight) 
you aren’t seeing the sun as it presently appears, but rather 
how it looked about eight minutes ago. Or if the moon is up, 
take a look at it. What you see is not how it presently is but 
how it was 1.3 seconds ago. 


Or next time it’s a clear night, see if you can find the 
brightest star as seen from Earth, Sirius. You are viewing the 
star not as it is now, but exactly as it was 8.6 years ago. 


How is_ this’ possible? Although light travels 
extraordinarily fast, it isn’t infinitely fast. It moves at a little 
over 186,000 miles per second through empty space. That 
means it takes photons of light from our host star, the sun, 
just over eight minutes to reach the earth. Sirius is much 


farther away—about a half a million times farther away— 
many trillions of miles from Earth, such that its light, as fast 
as light is, takes fully 8.6 years to reach us. 


A light-year is the distance light can travel in one year. 
This means that if a star precisely 1,000 light-years away 
exploded (in the common astronomical idiom, “went 
Supernova”) precisely 1,000 years ago next week, we’d first 
witness that spectacular event in the night sky next week. 


On a clear night in the countryside, at the right time of 
year, you can see the Andromeda Galaxy with the naked 
eye. What looks like a somewhat hazy star is really the 
central bulge of an entire galaxy, about 2.5 million light 
years away. What you’re seeing when you look at it is 
essentially a video feed of that galaxy from 2.5 million years 
ago. 

With our massive telescopes we can look even farther 
into the universe, much farther away than the Andromeda 
Galaxy, which is the nearest large spiral galaxy to our own. 
We can view bright celestial objects many billions of light- 
years away. And the deeper we look into space, the further 
we look into the past. What we see at the extreme are 
portions of the universe in their early stages, baby galaxies 
as they were evolving into their present-day forms. These 
results also fit well with the Big Bang model. 

All of this spells trouble for anyone wanting to keep the 
idea of a cosmic creator out of the picture. What is known as 
the Kalam cosmological argument provides part of the 
reason why. 


Kalam 


THE KALAM cosmological argument, popularized by 
philosopher William Lane Craig,4> has two premises and a 
conclusion: 


Whatever begins to exist has a cause. 


The universe began to exist. 
Therefore, the universe has a cause. 


Is the first premise true? “Whatever begins to exist has a 
cause.” Ask yourself, have you ever seen anything come 
into existence without a cause? No. And in this case, science 
and common sense have long agreed—whatever begins to 
exist does indeed have a cause. 


How about the second premise? “The universe began to 
exist.” 


We saw above how scientific discoveries have put to rest 
the idea that the universe is infinitely old. With Einstein’s 
theory of general relativity, the insights and observations 
provided by Lemaitre and Hubble, and the discovery of the 
Cosmic Microwave Background Radiation, along with other 
evidence, we can reasonably conclude that the universe 
began to exist. As leading cosmologist Alexander Vilenkin 
has stated, “With the proof now in place, cosmologists can 
no longer hide behind the possibility of a past-eternal 
universe. There is no escape: they have to face the problem 
of a cosmic beginning.”!© And Vilenkin, it’s worth noting, is 
not religious and has looked for ways to avoid the theistic 
implications of the Big Bang. To his credit, he has refused to 
deny the powerful evidence for a cosmic beginning. 


Since the two premises of the Kalam cosmological 
argument are correct, we can safely draw the conclusion: 
“Therefore, the universe has a cause.” 


So, what can we infer about the cause of the universe, 
about what brought it into being? Remember that when the 
universe began, the space and time of our universe came 
into being as well, since those too are part of the fabric of 
our universe, as demonstrated by Einstein’s general theory 
of relativity. So whatever caused the universe to begin must 
transcend our universe, existing beyond the limits of the 
time, matter, and space of our universe. And it must be 


powerful enough, of course, to cause the entire vast 
universe to begin. 


The cause appears to require another important capacity: 
the ability to fine-tune. 


May the Forces Be with You 


HAVE You ever gone hiking in a forest? If so, more than likely 
you found yourself surrounded by a still calmness only trees 
can bring. Birds were possibly singing and squirrels may 
have been scurrying about. The forest may have felt so 
peaceful that it appeared as though nature performed this 
work easily. But the vastness of life surrounding you was 
being sustained by physical laws so precisely tuned that if 
they varied from their current strengths even a little, neither 
you nor the life surrounding you could exist. 


With the birth of our universe some 13.8 billion years ago 
came not only matter and energy but a remarkable set of 
laws that govern how everything behaves. So delicately 
balanced are these laws, constants, and initial conditions 
that small changes would be catastrophic to life. That is, 
they seem to be fine-tuned to allow for the existence of life. 
This realization has reshaped the way scientists view the 
universe.!/ 


The universe is governed by four fundamental forces: 
gravity, electromagnetism, the strong nuclear force, and the 
weak nuclear force.18 


From the grandest to the smallest scale, these forces 
govern the way physical objects behave, and the strength of 
each one appears to be finely calibrated to allow for the 
possibility of life in the universe. 


For instance, if the fundamental force of gravity were 
somewhat stronger, stars would burn hotter, emitting far 
more sterilizing X-ray and gamma-ray photons, rendering 
the surface of a planet like Earth un-inhabitable. The stars 


would also burn much faster. “Typical stars would burn out 
in a matter of years, not tens of billions of years,” explain 
cosmologists Geraint Lewis and Luke Barnes, meaning that 
our sun would burn itself out too quickly, long before life 
had time to arise and diversify on one of its planets.?9 


What if gravity were somewhat weaker? Stars might not 
go super-nova at all, Lewis and Barnes note, and even if one 
did “and spilled its material into interstellar space, it would 
be mainly heavy elements such as silicon and iron, rather 
than life-supporting oxygen and carbon.”29 No carbon and 
oxygen, no life. 


The electromagnetic force is also fine-tuned. Lewis and 
Barnes describe a sophisticated calculation by Fred Adams 
that takes account of the settings of gravity and 
electromagnetism together. When it’s plotted on a two-axis 
graph, the result is a triangle-shaped zone of stability in a 
vast sea of joint settings that result in unstable stars. “In 
this figure,” the Fortunate Universe authors explain, “the 
‘stable stars’ region takes up less than one part in 102° of 
the whole plot.”2! In other words, the stable-star settings 
are one in a trillion times a trillion times a hundred billion. 
Fortunate indeed. 


Or consider the strong nuclear force. “If we nudge the 
strength of the strong force upwards by just 0.4 percent, 
stars produce a wealth of carbon, but the route to oxygen is 
cut off,” Lewis and Barnes note. What if we go in the other 
direction? “Decreasing the strength of the strong force by a 
similar 0.4 percent has the opposite effect: all carbon is 
rapidly transformed into oxygen, providing the universe with 
plenty of water, but leaving it devoid of carbon.”22 


The focus on carbon is not arbitrary or due to an 
unwillingness to imagine other live possibilities. No other 
element appears remotely capable of replacing carbon as 
the central element in the buzz of information-processing 


activity essential to all life. Due to the cooperation of 
electromagnetism and the strong nuclear force, precise 
energy levels exist which allow helium atoms to fuse 
together to make beryllium-8 and then carbon. If these 
energy levels didn’t coincide, the particles would fly apart 
before they had time to form carbon. 


This finely tuned carbon resonance was predicted by Fred 
Hoyle, and after his prediction proved correct, he 
commented, “A common-sense interpretation of the facts 
suggests that a super-intellect has monkeyed with physics, 
as well as with chemistry and biology, and that there are no 
blind forces worth speaking about in nature. The numbers 
one calculates from the facts seem to me so overwhelming 
as to put this conclusion almost beyond question.”2? Hoyle 
wasn’t religious, so much so that he long resisted the 
evidence of a cosmic beginning. It seems apparent then that 
the scientific evidence led him to make the above remark, 
not religious belief. 


This is just a quick and partial survey of how the 
fundamental forces of nature are fine-tuned to allow for life 
in the universe. 


A Golf Ball Universe is a Livable Universe 


SOMETHING ELSE that had to be fine-tuned to allow for life: the 
texture of the universe at the Big Bang. Weird but true. 


Imagine you are holding a ping pong ball. Pay close 
attention to the smoothness of the ball. Now imagine you 
are holding a golf ball with its uneven, dimpled surface. Now 
finally, imagine you are holding a jagged, unevenly shaped 
rock. The universe at its inception had a texture akin to the 
golf ball, rather than to the ping pong ball or the jagged 
rock. That is, it wasn’t extremely smooth like a ping pong 
ball, or highly uneven like the jagged rock. Instead it was 


relatively uniform but with some variation, akin to the 
surface of a dimpled golf ball. 


And a good thing it was. Our golf ball universe is like the 
baby bear’s porridge that Goldilocks ate—just right. If the 
dips in the texture of the early universe had been deep 
beyond a certain narrow limit, there would be massive 
pockets of gravity. Galactic structures would have clumped 
together, leading to a bedlam of collisions and explosions 
lethal to life. Alternately, if the texture of the universe were 
smooth like a ping pong ball, there would have been too 
little gravitational pull to form galaxies and planets quickly 
enough, and thus again, no life. And the margin for error is 
extremely tight. For life to be possible in the universe, the 
degree of uniformity—not too much, not too litthe—had to be 
fine-tuned within a very narrow range.24 


The Best Drink in the Universe 


LET’S BRING the fine-tuning discussion closer to home. Water. 
Most of your body is water. Most of Earth’s surface is 
covered by water. Water may seem ordinary to you, but it’s 
actually one of the most extraordinary compounds in the 
universe, and its suite of unusual properties are essential for 
life. It’s a story of extraordinary fine-tuning for life. Noted 
author and biochemist Michael Denton ably summarizes the 
many ways it is uniquely suited for life: 


This wonder fluid is fit for life on Earth in an absolutely stunning number of 
ways. It is fit for the formation of proto-planetary discs, for the formation of 
the planets, for the formation of the oceans, and for their subsequent 
preservation. 


Water is uniquely fit for the hydrological cycle, the tectonic cycle, and 
the temperature regulation of the human body. The properties of water play 
a critical part in the formation of the great oceanic currents, which circulate 
crucial nutrients throughout the world ocean. Those currents play a key role 
in global temperature regulation and moderation and in controlling the COz 


levels in the atmosphere. 


Water is superbly and uniquely fit to dissolve the minerals in the rocks, 
and her great solvation powers are fit for the circulation of nutrients both in 
the blood stream and in the oceans. Water’s expansion on freezing and its 
other unique thermal properties preserve large bodies of water in the higher 
latitudes. 


Water is fit for bioenergetics by providing the proton flows that play such 
a unique and critical role in the generation of cellular energy. Water’s 
transparency to light is fit for photosynthesis. Water is not only the giver of 
25 


oxygen, but also uniquely fit for its use in human respiration. 

Now, someone might say, well fine, but water was 
inevitable, wasn’t it? With all the different elementary 
particles in the period after the Big Bang combining in so 
many different ways, weren’t we bound to get a compound 
like water, even if the laws and constants of the universe 
were somewhat different? No, actually not. Again, if you 
think about the fundamental forces of nature, if you tweak 
some of them even a little, you don’t get oxygen. You don’t 
even get elements heavier than hydrogen and helium 
outside of stars without several things being just so. And 
you can’t get anything remotely like water from elements as 
simple as hydrogen and helium. Additionally, even if a 
universe with slightly different strengths for its fundamental 
forces still managed to produce a version of H30, how might 
it be crucially altered if the strong or weak nuclear force, or 
electromagnetic force, differed slightly? One or more of 
water’s unique, life-essential properties likely would be 
altered, spoiling the recipe for life. 


Fine-Tuning + 
ONE COULD easily fill a whole book with examples of how our 


universe is fine-tuned to allow for life. There are books out 
there that do just this.2© 

What you have above is just the briefest sampling. But 
even this quick fly-by urges the question: What caused the 
universe to be fine-tuned in this way? 


If you were a Space explorer and, after landing on Mars, 
discovered a tunnel to an underground room with a climate 
control system with dozens of sliding knobs, and each one 
was Set at just the right position to allow you to live for days 
at a time in the room—right temperature setting, right mix 
of gases in the air, right air pressure, etc.—you would 
reasonably conclude that the knobs had been purposefully 
fine-tuned for creatures like you. The laws and constants of 
the universe are fine-tuned to a far greater degree than this 
to allow for life. 


Now, that fine-tuning isn’t by itself enough to make life 
possible, any more than the hypothetical underground room 
on Mars was enough by itself. Besides the many finely tuned 
parameters of the universe, life also requires a host of other 
fine-tuning parameters that we find fulfilled in our particular 
location in the universe, planet Earth. Such multi-layered 
fine-tuning suggests planning and purpose. As the late, 
great Princeton theoretical physicist Freeman Dyson said, 
“The more | examine the universe and study the details of 
its architecture, the more evidence | find that the universe 
in some sense must have known that we were coming.”2/ 


A Multiverse Mess 


THERE ARE many other well-established examples of fine- 
tuning,2® which are widely accepted, including by 
researchers who oppose intelligent design. From what we 
have covered in this chapter alone—gravity balanced on a 
razor’'s edge, the delicate’ relationship between 
electromagnetism and the strong nuclear force, the texture 
of the universe at the Big Bang, and the amazing properties 
of water—we see that the parameters required for life in the 
universe are highly improbable. Yet despite the evidence for 
planning and purpose, some people still argue that we are 
here by accident, never mind the long odds. 


If faced with a situation in which the probability of 
success was not in your favor, what would you do to ensure 
success? How would you raise the probability to be in your 
favor? When faced with the reality of the fine-tuned 
parameters of our universe, together with a remarkable 
planet hospitable to life, some scientists have tried to 
change the equation by proposing that our universe and our 
hospitable home were essentially inevitable. They do this by 
proposing the existence of multiple universes, or what is 
often called the “multiverse.” 


The multiverse hypothesis proposes that there are many 
universes outside our own, each one tuned differently. So, 
for instance, in one the strength of gravity might be ten 
times greater than it is in ours; in another, gravity might be 
much weaker. And on and on with the various other 
parameters. Then, it is argued, if the number of these 
universes is astronomically high, perhaps even infinite, then 
the probability of at least one universe existing with all the 
right parameters for life is likely, and we just happen to be 
lucky enough to be in it.22 Indeed, we should expect 
ourselves to be in such a universe; otherwise we wouldn’t 
be around to notice our good fortune. Somehow, a group of 
scientists have managed to flip the low-probability, fine- 
tuned universe into a highly probable universe. Or have 
they? 

The first thing to note is that there is no testable, 
empirical evidence that any of these other universes 
actually exist. Even if these multiple universes did exist, 
how would we ever know? There is no known way of 
determining if these universes even exist, since we are 
limited to observing what is in our known universe. Thus, 
the multiverse is little more than a hypothetical idea. One 
influential theoretical physicist compared the idea of other 
universes with different constants to leprechauns and 
unicorns.2° 


In addition, one must consider what is creating this 
massive number of universes. There would have to be some 
sort of universe-generating mechanism. The most common 
notion of the multiverse is called the Landscape Multiverse, 
based on a combination of string theory and eternal 
inflation.24 The Landscape Multiverse suggests that there 
are infinitely many island universes arising from some sort 
of universe-generating landscape, each universe island 
containing different higher-level physical laws and 
constants.22 The only problem is that this “universe- 
generating landscape” itself requires fine tuning.22 In an 
attempt to remove the fine-tuning problem, they have 
merely moved it from our observable universe to an 
unobservable, hypothetical multiverse. 


In “A Brief History of the Multiverse” physicist Paul Davies 
observed the _ following concerning the multiverse 
hypothesis: 


How seriously can we take this explanation for the friendliness of nature? 
Not very, | think. For a start, how is the existence of the other universes to 
be tested? To be sure, all cosmologists accept that there are some regions of 
the universe that lie beyond the reach of our telescopes, but somewhere on 
the slippery slope between that and the idea that there are an infinite 
number of universes, credibility reaches a limit. As one slips down that 
slope, more and more must be accepted on faith, and less and less is open 
to scientific verification. 


Extreme multiverse explanations are therefore reminiscent of theological 
discussions. Indeed, invoking an infinity of unseen universes to explain the 


unusual features of the one we do see is just as 20 NOC as invoking an 
unseen Creator. The multiverse theory may be dressed up in scientific 


language, but in essence it requires the same leap of faith.24 


Davies is partly right, but partly wrong, | would argue. 
The multi-verse hypothesis is indeed ad hoc, a leap of faith 
untethered from observational evidence. But what of the 
alternative hypothesis—a designer and maker of the matter, 
energy, space, time, and finely tuned laws of our universe? 


Our uniform experience shows us only one type of cause 
with the demonstrated power to purposefully tailor and 
arrange parts in a sophisticated fashion—intelligent agency. 
We see minds doing this all the time, producing software 
codes and cars, planes, drones, and satellites, coffee 
makers and calculators; on and on the list could go. And we 
never find other types of causes doing so. The fine-tuning of 
the universe at the Big Bang is such an example of parts 
tailored and arranged to fulfill a purpose. Inferring a creative 
intelligence for the fine-tuning of the universe, then, is not 
ad hoc. It is an inference to the best explanation, a tried and 
true mode of reasoning in the historical sciences. 


Review: Your Turn 
1. Why did Einstein change his equation? 
2. Why did he eventually call it the biggest blunder of his 
life? 
3. Who was Edwin Hubble, and what did he discover at 
the Mt. Wilson Observatory in California? 


4. What might happen if gravity were a little stronger 
than it is? If it were a little weaker? 


5. Why do scientists think the universe is fine-tuned to 
support life? 


6. The space, time, matter, and energy of our fine-tuned 
universe had a beginning. Something caused the 
universe to come into being. What are some of the 
characteristics we can infer about the cause for this 
cosmic creation event? 


7. How is the idea of the multiverse used to explain fine- 
tuning? What problems, if any, are there with the 
multiverse explanation? 


2. INFORMATION AND THE 
ORIGIN OF LIFE 


Eric H. Anderson 


WE SAW IN THE LAST CHAPTER HOW A SERIES OF SCIENTIFIC DISCOVERIES in 
the twentieth century broke strongly against the idea of an 
eternal universe. Our cosmos had a beginning. And at some 
point life here on earth had a beginning. How did it happen? 
Is there any reason to think it was planned and purposeful, 
or was it just sheer coincidence—the lucky result of some 
cosmic lottery? 


In the final episode of Star Trek: The Next Generation, the 
immortal and nearly omnipotent Q gives Captain Picard the 
unique opportunity of witnessing the origin of life on Earth. 
Picard suddenly finds himself standing in a_ chaotic 
landscape filled with lava flows and volcanoes that dot the 
scene. Earth is dark and ominous and utterly devoid of life. 
As Picard gathers himself from the sudden leap through 
time and takes stock of his surroundings, Q points excitedly 
to an oily puddle of chemicals near a volcanic vent.1 


“Come here,” Q says. “There’s something | want to show 
you. You see this? This is you.” 


Picard gives Q a skeptical glance. 


“I’m serious! Right here,” insists Q, gazing intently at the 
chemical sludge. “Life is about to form on this planet for the 
very first time. A group of amino acids are about to combine 
to form the first protein—the building blocks of what you call 
life.” 


Then, with a playful sneer about the insignificance of 
humankind, Q says, “Strange, isn’t it? Everything you know, 
your entire civilization, it all begins right here in this little 
pond of goo.” 


This memorable exchange between the time-traveling Q 
and the captain of the Enterprise is of course a work of 
fiction. But it more or less accurately reflects an idea found 
in current college textbooks and scientific articles. The idea 
is this: /f conditions are just right, non-living molecules can 
give rise to the building blocks of life and, eventually, to life 
itself. And at some point on the early Earth, the conditions 
were just right, and voila! It happened. Then, from that first 
simple life form evolved all the life we now find on Earth, 
including us. We are the descendants of that first humble 
organism in that long-ago chemical soup. 


But does the idea hold up to scrutiny? What does the 
most current evidence suggest for this “goo-to-you” 
scenario? 


Here we are focused on the first part of that story. That 
is, the claim on the table is that life first emerged through 
purely natural processes, without any intelligent guidance, 
intervention, or creative act. The claim is that non-living 
molecules, by themselves, through nothing more than the 
laws of physics and chemistry and the random distribution 
of molecules and chemical reactions, came together to form 
the building blocks of life, and eventually life itself. This is 
an idea known as abiogenesis. 


It’s a scientific claim in the sense that we can subject it 
to scrutiny, testing, and analysis. Of course, we can’t travel 
back in time like Q and Captain Picard to witness the origin 
of life on Earth. So we can never verify via direct 
observation the claim that through purely natural processes 
non-living chemicals turned into organic chemicals and 
eventually into a living organism on the early Earth. But 
notice that our ability to investigate any claim about distant 


historical events is limited in this way, whether it be origin- 
of-life (OOL) studies, paleontology, archeology, or forensics. 
Instead, we examine the claim in light of the knowledge and 
experience we do have, and infer past causes from present 
clues. In the case of the origin of life, investigators can try 
to recreate early Earth conditions in the lab. We can run 
through numerous’ scenarios with different chemical 
constituents. We can use our knowledge of chemistry and 
physics to determine what kinds of reactions would actually 
be required to produce something like Q’s “first protein.” We 
can observe the minimal requirements for the simplest self- 
reproducing organism alive today and make educated 
assessments about whether simpler forms of life are 
possible. We can analyze the many challenges facing a 
purely natural origin of life and draw reasonable conclusions 
about whether it is likely to be true. 


Assumption Alert 


BEFORE WE examine the science, there is one thing we need 
to be aware of. In addition to the scientific idea of 
abiogenesis and whatever evidence is marshalled in favor of 
it, there is an idea or assumption that often hides behind the 
abiogenesis claim. Here it is in a nutshell: Even /f our current 
understanding of the origin of life is inaccurate and 
incomplete, some kind of purely natural process must have 
generated the first life. Even before we look at the evidence, 
this must be true. The only question is precisely what that 
natural process was. 


It is crucial to be aware of this working assumption 
lurking in the background, to be able to spot it when it hides 
in the shadows, and to recognize it for what it is. If we want 
to reason through the question of whether life arose blindly, 
without intelligent guidance, if we want to see what the 
physical evidence may be trying to tell us, then we need to 
set aside this assumption. To cling to the assumption while 
also looking to investigate the question of whether life first 
arose through purely natural, unguided processes is akin to 
trying to investigate whether a house fire was arson or not, 
but then refusing to consider the possibility that it was 
arson. 


The point may seem so obvious as to be almost 
unnecessary to make, but many origin-of-life scientists do 
insist on considering only unguided natural causes for the 
origin of the first life and, when challenged with contrary 
evidence, insist that they won’t consider anything other 
than purely natural causes because supposedly that 
wouldn’t be science. While they insist that they are simply 
following the evidence, no holds barred, in fact they are 
barring a possible explanation before they even consider the 
evidence. 





Figure 2.1. Artist’s conception of a primordial landscape with cometary 
bombardment and a pre-biotic chemical soup in the foreground. 


Better to ask ourselves, what does the evidence suggest? 
Not selective facts chosen to prop up a philosophical 
position, but the broad array of evidence across the board, 
the latest and best science we have on the subject, 
analyzed as carefully and as objectively as we can. What 
does that kind of careful, objective science say about the 
origin of life? 


Spontaneous Life? 


EARLY PHILOSOPHERS and observers of nature, from the 
Babylonians, to the great Chinese and Indian civilizations, to 
the ancient Greeks, contemplated the origin of living 
organisms. How is it that maggots seemed to spontaneously 
appear in a corpse, or worms from the muddy bank of a 
river, or even mice from a barrel of wheat? Lacking powerful 
microscopes and other sophisticated detection equipment, 
and also lacking in many cases the strong tradition of 
experiment-based science we take for granted today, early 
observers could only guess. It seemed as if those creatures 
arose spontaneously. 


It wasn’t completely crazy. Some simple observations 
even seemed to support the idea: get the right conditions, 
such as the corpse or the mud or the grain, add in the right 
weather and temperature and, sure enough, over time you 
were bound to observe maggots and worms and mice. It 
was an easy mental leap from this observation to the 
conclusion that such creatures arose spontaneously under 
the right conditions. As a result, for centuries this idea of 
spontaneous generation was accepted as the answer to the 
origin of many forms of life. 


Even after the invention of the microscope the idea lived 
on, but its days were numbered. 


Though not the only critic, the great French 
microbiologist Louis Pasteur (1822-1895) is often credited 
with the careful experimental approach that finally delivered 
the death blow to the idea of spontaneous generation. At a 
time when many scientists still accepted the idea of 
Spontaneous generation, Pasteur performed _ several 
experiments with sterilized containers and _ liquids 
demonstrating that, when these experiments were carefully 
performed, living organisms did not arise. Pasteur was later 
quoted as saying, “Never will the doctrine of spontaneous 
generation recover from the mortal blow of this simple 
experiment. There is no known circumstance in which it can 
be confirmed that microscopic beings came into the world... 
without parents similar to themselves. ”2 


Maxime Schwartz offered the following reflection in the 
Journal of Applied Microbiology on Pasteur’s experiments: 


By extremely painstaking experimental methodology, he demonstrated that 
the appearance of micro-organisms in a presterilized medium could always 
be explained by germs coming from the outside. He thus succeeded in 
discrediting any experimental basis for the theory of spontaneous 
generation. 


On a philosophical level, the repercussions were resounding. The onset 
of life was decidedly not a predictable phenomenon, regularly occurring in 


any fermentable medium. The question of the origin of life was thereafter 
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clearly set forth—and remains so today. 

In other words, if, as Pasteur showed, living organisms 
normally only come from other living organisms, where then 
did the first organism come from? 


A Rose by Another Name 


LOOKING BACK, we might be tempted to think that our 
forebears were simple-minded and foolish. How could they 
believe in spontaneous generation for so many centuries? 
After all, every small child today knows that mice don’t just 
arise from wheat, or worms from mud, or maggots from 
rotting meat. Instead, these creatures come from parent 
organisms like themselves. We are understandably proud of 
the great scientific progress that has been made, 
particularly over the past few hundred years, and we can 
scarcely comprehend how anyone could not understand 
what we now take for granted. 


Yet if we step away from specific examples like maggots 
and worms and mice and look at the underlying principle of 
spontaneous generation more broadly, we are forced to 
admit that a little more humility is in order. Just as our 
forebears were wrong about spontaneous generation, is it 
possible that today’s claims of abiogenesis are also in need 
of careful scrutiny? 


Of course, abiogenesis proponents today do not believe 
in spontaneous generation as it was understood long ago. 
Yet although the idea of life arising from non-life has been 
thoroughly discredited by Pasteur and other researchers 
with respect to the living organisms we observe around us 
today, what about the beginning of life, what about the first 
organism? Even if life can’t spontaneously arise easily and 
often, perhaps it could happen at least once, under even 
more special conditions? The modern abiogenesis story 
pushes the formation of life from non-life back to a 
remarkably lucky one-time event in the remote past, yet the 
core principle remains: /f conditions are just right, non-living 
matter can turn into living organisms. 


Enter Darwin’s Warm Little Pond 


In 1859, just five years before Louis Pasteur rejected the idea 
of spontaneous generation at a_ scientific conference, 
another European, Charles Darwin, published his formidable 
work that would become a landmark in biology, On the 
Origin of Species. 

Darwin’s book did not attempt to address the origin of 
life. He simply assumed one or more original  self- 
reproducing organisms, and built his theory of evolution 
from there. Beginning in later editions he does mention “the 
Creator” as the possible source of the first living organism 
or organisms, but he apparently held out hope for a purely 
naturalistic source for the origin of the first life. For even 
after Pasteur proved that spontaneous generation wasn’t 
happening all around us, Darwin privately offered an 
explanation for the origin of life that didn’t involve a creator. 


“How on earth is the absence of all living things in 
Pasteur’s experiment to be accounted for?” Darwin asked 
his friend Joseph Hooker in an 1871 letter. Darwin went on 
from there to speculate: “It is often said that all the 
conditions for the first production of a living organism are 
now present, which could ever have been present.— But if 
(& oh what a big if) we could conceive in some warm little 
pond with all sorts of ammonia & phosphoric salts,—light, 
heat, electricity &c present, that a protein compound was 
chemically formed, ready to undergo still more complex 
changes...” 


Darwin immediately acknowledged that in the present 
natural environment such a “protein compound” would be 
“instantly devoured, or absorbed.” But perhaps it wasn’t 
always this way? Perhaps before living things were around, 
he mused, before life had formed on the early Earth, a 
protein compound could have survived and continued to 
evolve—undergoing, as Darwin suggested, “still more 
complex changes.” 


Notice that Darwin wasn’t proposing that life can easily 
arise from non-living matter, or that the process often 
occurs. Rather, he was asking, what if, perhaps under just 
the right conditions, an early precursor to life could arise 
from non-living chemicals? And if so, might not that 
precursor eventually lead to a living organism? 


Darwin was not alone in his musings about the possibility 
of chemicals coming together in a blind shuffle to form a 
living organism. In the decades that followed, a tremendous 
amount of effort would be spent trying to flesh out the idea 
and provide some experimental support. 


Chemical Soup, Anyone? 


IN THE early 1920s, the great Russian biochemist Alexander 
Oparin proposed that life originated on Earth through a 
series of biochemical steps. Oparin thought that simple 
organic molecules could form on the early Earth in an 
atmosphere containing methane, ammonia, hydrogen, and 
water vapor, but one in which, unlike our present 
atmosphere, oxygen was absent or significantly minimized, 
preventing oxidation of other chemicals in the environment. 
(Such an oxygen-starved atmosphere is known as a 
reducing atmosphere.) Oparin speculated that after these 
simple organic molecules had formed under such conditions, 
occasionally they would react to form more complex 
molecules, developing new properties and eventually 
turning into a living organism.° 

Shortly thereafter, British geneticist J. B. S. Haldane 
proposed that the primitive ocean on the early Earth was 
like a “hot dilute soup” in which simple organic compounds 
could have formed.® Like Oparin, and Darwin before, 
Haldane thought the simple compounds would react with 
others, forming more complex compounds, then the 
components of living cells, and eventually a living organism. 


Although their ideas were initially dismissed by many 
scientists, Oparin’s and Haldane’s suggestions that life 
started on Earth through a kind of “chemical evolution” 
gained traction. Some scientists remained skeptical, but to 
many it seemed that it was only a matter of time before the 
case was Clinched for this scenario. After all, if Darwin had 
Shown that all the wonderful complexity and diversity of life 
forms on our planet could evolve from that first simple 
organism, through a process of natural selection acting on 
random variations without the need for any guiding 
intelligence, then perhaps that first living organism also 
could be explained as the result of a purely natural process. 
Perhaps nature itself was the creator—producing from the 
simplest chemical elements the building blocks of life and, 
eventually, life itself. 


This possibility continued to tantalize the biochemists of 
the day. Yet while the theory sounded good, what was still 
needed was hard experimental evidence. Enter Stanley 
Miller and Harold Urey. 


A Personal Journey 


WHEN | first learned about the famous experiments 
performed by Stanley Miller and Harold Urey at the 
University of Chicago,’ | was impressed as | heard about the 
formation of amino acids from nothing but simple 
compounds and a bit of electricity—amino acids that, | was 
told by abiogenesis proponents, could have come together 
to form simple proteins and eventually more complex 
organic molecules, and eventually life, just as Q told Captain 
Picard and just as Darwin speculated. 


Was it true? Rather than just accepting what | was being 
told, | decided to find out for myself. As | read more about 
the origin of life and the often heated debate over the 
possibility of undirected chemical reactions producing a 
primitive living organism, | wondered why there was still so 
much debate if Miller and Urey had shown that life, or at 
least the building blocks of life, could arise from a purely 
natural process. 


After all, the preeminent scientist George Gaylord 
Simpson had noted fully sixty years ago that “at a recent 
meeting in Chicago, a highly distinguished international 
panel of experts was polled. All considered the experimental 
production of life in the laboratory imminent.”® So, if nearly 
70 years ago, Miller and Urey had made such a big 
breakthrough, and if at the turn of the next decade, in 1960, 
a distinguished panel of experts confidently affirmed that 
laboratory confirmation for the purely natural origin of life 
was just around the corner, what was there still to debate all 
these decades later? 
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Figure 2.2. Rendering of the setup used in the famous Miller-Urey 
experiments. 


| wondered if perhaps the debate raged on because some 
people believed that a naturalistic origins story would 
conflict with their personal religious or philosophical views 
about a purposeful creation. Maybe the researchers had 
sealed the deal decades ago, and the religious folks just 
weren't willing to face the music. Yet as | researched the 
topic, | found that many of the scientists and authors who 
were critical of the Miller-Urey experiment raised questions 
based not on any religious viewpoint, but on the science. 
Indeed, one of them, Dean Kenyon, had been a leading 
proponent of a naturalistic origin of life, and had literally 
written the book on the topic—or to be precise, had co- 
authored a leading origin-of-life textbook, Biochemical 
Predestination.? 


| myself didn’t have a philosophical or religious concern 
with the abiogenesis story, but something about it smelled 
fishy. And the more | researched it, the fishier it smelled. 


To be sure, Miller and Urey had done wonderful science 
and created a very ingenious experiment. They were at the 
forefront of research in the early 1950s. Through their hard 
work and dedicated efforts, we learned new and important 
things about how non-living chemicals behave and how 
certain organic compounds might be formed. But as | 
investigated further, what | found was this: the idea that the 
now-iconic Miller-Urey experiment placed us firmly on the 
path to explaining a purely natural origin of life—an idea 
pushed primarily, | might add, by people other than Miller 
and Urey—is simply false. 


In the decades since, nearly every aspect of the Miller- 
Urey experiment has been challenged. It taught us 
interesting things, but it fell far short of replicating a 
mindless chemical evolutionary process or the relevant 
conditions likely to have held sway on the early Earth. From 
the reducing atmosphere used in the experiment,/° to the 
need for just the right amount of energy,!! to the careful 
isolation of the tender chemicals from unfavorable 
interfering cross-reactions,!2 to the protective environment 
in which the reactions took place, careful observers have 
questioned the relevance of the Miller-Urey results to the 
origin of life on the early Earth.42 Yet the Miller-Urey 
experiment is still touted in many high school and college 
textbooks as proof that the formation of the chemicals 
necessary for life on the early Earth is no longer a serious 
problem and has been largely solved.!4 Nothing could be 
further from the truth. 


And that isn’t even half the problem for abiogenesis. 


Flash in a Flask 


EveN IF we were to accept the inaccurate textbook story of 
the Miller-Urey experiment as gospel, we would not be 
justified in concluding that it showed a viable pathway to a 
naturalistic origin of life. That’s because, at the end of their 
carefully controlled, intelligently designed and intelligently 
guided experiment, they were still light years away from 
getting a simple living organism. 

There are so many additional problems with the overall 
abiogenesis story that it is hard to know where to begin. 
Researchers have identified more than a dozen serious 
problems with the abiogenesis account. Most of them, even 
individually by themselves, doom the abiogenesis idea. 
When taken together, they constitute a devastating critique 
of the naturalistic origin-of-life story. In 1982, organic 
chemist and molecular biologist A. G. Cairns-Smith raised 
several objections against the typical “origin of life” 
simulation experiments.!> Soon thereafter, chemist Charles 
Thaxton, geochemist Roger Olsen, and materials scientist 
Walter Bradley provided a rigorous critique of the many 
origin-of-life proposals and speculations. They referred to a 
“crisis in the chemistry of origins” and observed that “the 
undirected flow of energy through a primordial atmosphere 
and ocean is at present a woefully inadequate explanation 
for the incredible complexity associated with even simple 
living systems, and is probably wrong.” They go on to 
conclude that “reasonable doubt exists whether simple 
chemicals on a primitive earth did spontaneously evolve (or 
organize themselves) into the first life.” +© 


The situation has not improved since that time. Quite the 
contrary. Each additional avenue of research seems to 
Spawn additional questions and _ challenges to the 
abiogenesis story. Researchers’ abiogenesis ideas are 


regularly shot down by other origin-of-life researchers, who 
then go on to propose their own, equally inadequate 
Suggestions. 


A recent 2019 paper examines multiple proposed 
locations for the origin of life, including Darwin’s “warm little 
pond,” hot springs, outer space, and (a popular suggestion 
nowadays) deep-sea hydrothermal vents. The researchers 
conclude that none of these locations are able to meet the 
requirements for abiogenesis, and instead propose a geyser 
system “driven by a natural nuclear reactor.”!/ In a recent 
review article on origin-of-life research, astrobiologist and 
theoretical physicist Sara Walker lauds the efforts that have 
been made _ in_ origin-of-life research to date, but 
acknowledges that “we have not yet been able to answer 
the question of how life first emerged.” 


Walker appears unwavering in her faith that the first life 
on earth arose naturalistically, but after examining problems 
with many current attempts to address the origin of life, she 
concludes that “novel approaches... may be required” and 
hopes for a “new theory of physics” that can help bridge the 
gap. Walker comments that the task of understanding how 
life arose from purely natural causes might be as difficult as 
“unifying general relativity and quantum theory,” and 
suggests that solving the puzzle of our origins might occur 
only “if we are so lucky as to stumble on [a] new 
fundamental understanding of life.”18 


Thus have the days of early excitement over the Miller- 
Urey experiment been replaced by an understanding of a 
most sobering reality. In the remainder of this chapter and in 
the next, we will review just two of the key problems with 
the modern abiogenesis story: the need for biological 
information and the challenge of self-replication. 


More Information, Please 


THE EARLY 1980S were a time of great excitement in the 
computer world. Just a few years earlier Apple Computer 
Company had been founded by Steve Jobs, Steve Wozniak, 
and Ronald Wayne, kicking off a revolution of affordable 
personal computers that began making their way into the 
hands of hobbyists, computer clubs, and a few early homes. 
Apple’s popularity had exploded with the introduction of the 
Apple Il in 1977. Several other manufacturers also had 
started developing and selling computers directly to 
consumers, with names like Altair, Texas Instruments, TRS- 
80, Sinclair, Atari, Commodore, and others. 


My father was an engineer by training and had more than 
a passing interest in the young field of personal computing. 
As soon as circumstances and the family budget allowed, he 
loaded my three brothers and me into the car early one 
Saturday morning for an eight-hour drive to a computer fair 
where we pored over the thrilling new offerings in this 
young field. Ignoring our exhaustion from a busy day, we 
talked excitedly the whole drive home about the new 
technology we had seen. 


Although my father was a frugal man, he had done his 
research and was determined to spend his hard-earned 
funds on a quality machine that could be used for years to 
come. After careful analysis of the pros and cons and the 
costs and benefits of various systems, at a level of detail 
that only an engineer could appreciate, he settled on one of 
the better Apple Il-compatible systems he could find at the 
time. With my mother’s eventual agreement that this would 
take the place of all our gifts that Christmas, he reached 
deep into his pocketbook and placed the order. 


Looking back, | have to smile at our first computer, one 
that cost more than many high-end gaming systems today. 
When we finally got our new computer a few weeks later on 
Christmas Eve, we could scarcely wait until Christmas 
morning to set it up. It had all the bells and whistles! A 


whopping 64K of RAM (not the 48K that most of the Apple IIs 
came with at the time), a 5.25” floppy disk drive, five video 
games, ten blank floppy disks, a simple joystick, and, best 
of all, a large CRT co/or monitor! (No way we were going to 
settle for a monochrome green monitor!) 


Within a few months, we added a dot matrix printer and 
a second drive. Now we had two—count ’em, two!—5.25” 
floppy disk drives, which enabled the computer to run more 
advanced word processing programs and also allowed us to 
copy disks much more easily. 


Although our family did not even own a television, we 
were soon the technological envy of our friends and 
acquaintances. We had the ffirst personal computer of 
anyone in the neighborhood. Suddenly our garage, which 
had earlier been converted into a family play area, became 
the scene of countless weekends and late nights as my 
siblings and | and our friends huddled around that low- 
resolution color monitor playing exciting round after round 
of early 8-bit computer games. To my parents’ chagrin, my 
Sleeping habits took a serious turn for the worse as the 
afternoons at the computer turned into evenings, then 
nights, then early mornings. 


But it wasn’t all games. My father’s engineering 
background instilled in us a desire to not just use the 
technology, but to understand how things worked. 


| purchased an early manual on the Apple operating 
system and studied the details for hours. | learned how to 
“hack” into computer games and change some of the game 
parameters and screen displays. Not a particularly valuable 
thing in its own right, but in the process | learned valuable 
lessons about file systems, disk sectors, storage protocols, 
and other inner workings of the computer. 


| also taught myself to program in BASIC, the simple 
integer language used by the Apple Il, and began to write 


my own programs, eventually doing some early database 
work. Soon | delved into COBOL and Fortran, and even spent 
a couple of summers helping program an old Burroughs 
computer in Hexadecimal—now that was tedious work! 
Eventually | took to building my own computers. 


Looking back on this formative time, both in the 
computer industry and in my own life, | am grateful for the 
Opportunity | had, in my own small way in my own small 
corner of the world, to witness firsthand and up close and 
personal the remarkable transformation that computers and 
information technology would come to play in the world. 
Perhaps the biggest takeaway from the experience was the 
realization that information was key. It wasn’t the metal or 
the plastic or the wires or the magnetic disks. Yes, those 
were important. But it was the information, both in the 
subtle way the physical parts were arranged for a particular 
purpose, and more obviously in the way the codes and the 
programs brought those careful arrangements of parts to 
life. It was always the same thing at the heart of every 
game, every database, every floppy disk sector, every 
function: information. 


In the world of complex functional systems, information 
is king. What does that have to do with the origin of life? As 
it turns out, an important form of digital information was 
around long before computers. Information sits—or rather 
hums and dances—at the heart of all life. 


A Strand of DNA Walks into a Bar... 


THE story iS well known in scientific circles, almost the stuff 
of legend. One Saturday in February 1953, English scientist 
Francis Crick walked into The Eagle pub in Cambridge, 
England, with his American research partner James Watson, 
and announced that the two “had discovered the secret of 
life!”19 


Watson and Crick might be forgiven for their bravado. 
After all, they had, along with important assistance from 
Rosalind Franklin and Maurice Wilkins, discovered the 
structure of the large organic molecule arguably most 
central to life: deoxyribonucleic acid (DNA). 


Determining the three-dimensional helical structure of 
this important molecule was achievement enough, but it 
also occurred to Watson and Crick that the pairing of 
nucleotides across the twisting ladder of DNA suggested “a 
possible copying mechanism for the genetic material.”2° 
That is, the structure of DNA might facilitate the copying of 
genetic information from generation to generation. They 
turned out to be spectacularly correct. 


A remarkable glimpse into history has been preserved in 
the form of a handwritten letter Crick penned to his 12-year 
old son, Michael, on March 19, 1953.21 Despite writing to a 
young man not yet in his teens, Crick lays out the structure 
of DNA in some detail: 


My Dear Michael, 
Jim Watson and | have probably made a most important discovery. We 


have built a model for the structure of de-oxy-ribose-nucleic-acid (read it 
carefully) called D.N.A. for short.... 





Figure 2.3. DNA structure, showing the nucleotide base pairs adenine and 
thymine (A/T) and cytosine and guanine (C/G), and the double helix unwinding 
as part of the copying process. 


Now on one chain, as far as we can see, one can have the bases in any 
order, but if their order is fixed, then the order on the other chain is also 
fixed. For example, suppose the first chain goes A-I-C-A-G-I-T, then the 


Crick went on to suggest that this complementary pairing 
of the two DNA strands not only shed light on the 
information-bearing properties of DNA and the existence of 
what would later become known as the “genetic code,” but 
also hinted at a potential copying mechanism: 


It is like a code. If you are given one set of letters you can write down the 
others. 


Now we believe that the D.N.A. is a code. That is, the order of the bases 
(the letters) makes one gene different from another gene (just as one page 
of print is different from another).... 


In other words we think we have found the basic copying mechanism by 
which life comes from life.... You can understand that we are very excited. 


We have to have a letter off to Nature in a day or so. Read this carefully 
so that you understand it. When you come home we will show you the 
model. 


As | ponder Crick’s letter and imagine what it must have 
been like for Crick and Watson to discover the structure of 
DNA, | am impressed by their insight into the implications as 
they recognized not only the structure of DNA but also the 
existence of a code, the key role of information, and the way 
“life comes from life,” as Crick explained to his son. 


Just a few years later, in 1957, Crick gave a lecture in 
which he outlined what he called the “sequence 
hypothesis.”22. The following year he published a paper 
titled “On Protein Synthesis.”22 Among other details, he 
proposed that the “specificity” of a piece of DNA (meaning, 
in essence, the information contained in that piece of DNA) 
results from the sequence or the ordering of the base 
molecules or bases. In other words, it isn’t merely the 
physical structure or the chemical makeup of the DNA bases 
that store information, but the arrangement of those bases. 


Like the letters of the English alphabet you are reading in 
this book, it is the order of the letters that conveys the 
information, not the color of the ink or the type of paper 
used. 


At least in this regard, Crick’s sequence hypothesis was 
spot on. Watson and Crick’s work stands as a singular 
achievement in the history of science. “Watson and Crick’s 
discovery would forever change our understanding of the 
nature of life,” observed philosopher of science Stephen 
Meyer. “At the close of the nineteenth century, most 
biologists thought life consisted solely of matter and energy. 
But after Watson and Crick, biologists came to recognize the 
importance of a third fundamental entity in living things: 
information.”24 


The Language of Life 


SINCE THAT fateful day in the English pub in 1953, the problem 
of explaining the origin of life has increasingly been 
recognized as a problem of explaining the origin of 
biological information. Where did the information in life 
come from? More than sixty years later, scientists are still 
asking the question, even as they seek to better understand 
molecular life. 


Organic life, it is now clear, is all about nano-technology, 
molecular machines, information-processing systems and, of 
course, DNA. As we peer into ever more sophisticated 
microscopes, it becomes increasingly clear that we are 
dealing with a carefully orchestrated process complete with 
a 4-bit digital code, storage, retrieval and _ translation 
mechanisms, computation protocols, and other hallmarks of 
a highly functional, information-rich system. 


How did such a system first arise? As we noted at the 
beginning of this chapter, we were not around to see the 
first living organism appear on the early Earth and we don’t 
have the luxury of Star Trek’s Q to transport us back in time 
to witness it. But are there clues that can help us determine 
the origin of these living systems? 


There are at least two things we know about functionally 
integrated, information-rich systems like those we find 
throughout biology—two things that can help us draw a 
reasonable conclusion about the origin of such systems. 


First, there is no known naturalistic cause that has been 
shown to produce large amounts of novel information. Such 
a thing has never been observed. Not even once. And there 
is no theory successfully detailing how it might happen. 
Moreover, it is not as though scientists have proposed 
several great possibilities that just haven’t quite panned 
out, or that several good naturalistic explanations are on the 


table and just need a little more tweaking or a little more 
research or a little more funding. Although natural processes 
can be called upon to explain many observations, when we 
are dealing with functionally integrated information-rich 
systems, the situation is completely different. It is not as 
though the search has only recently begun, we are very 
close, and we just need to try a little harder or look a little 
longer. The search has been carried out extensively over 
multiple generations by thousands of researchers through 
hundreds of thousands of hours of effort and at a cost of 
billions of dollars, without success. No credible naturalistic 
process has ever been identified that can produce 
information-rich systems. 


Renowned synthetic organic chemist James Tour has 
analyzed what he sees as the most promising recent origin- 
of-life (OOL) research efforts. An experienced researcher 
with over 700 research publications and more than 130 
patents to his name, he has a knack for seeing through the 
optimistic hype and focusing on the real-world difficulties of 
assembling functional molecular systems. In a 2019 critical 
essay, Tour expressed frustration over the lack of candor in 
many origin-of-life papers about the state of the field, and 
he asked, “Why not admit what we cannot yet explain: the 
mass transfer of starting materials to the molecules needed 
for life; the origin of life’s code; the combinatorial 
complexities present in any living system; and the precise 
nonregular assembly of cellular components?” Wishful 
thinking, or perhaps naivete, may also play a role. “I have 
discussed these issues with OOL researchers,” he writes, 
“and | am amazed that they fail to appreciate the 
magnitude of the problem in building molecules.”2° 


Actually, the situation is even more desperate than that. 


It is increasingly apparent that chance and law-like 
processes not only cannot build information-rich systems, 
but actually destroy information. On a net basis, these 


natural processes invariably result in a /oss of information 
over time. This is a well-understood principle, observed over 
and over in the field. It is clear from mathematical analyses 
and principles of information theory. It is confirmed from lab 
research. 


The conclusion to draw from these various observations 
is straightforward: processes that are either driven by a law- 
like cause or that come about haphazardly by chance 
events simply do not have the capacity to generate new 
information-rich systems such as those we see in biology. 
Based on our current understanding, we have good reasons 
for concluding that a purely natural explanation for these 
kinds of systems will never be found. 


Indeed, in an ironic twist, it turns out that organisms 
have systems in place, including proofreading and error- 
correction mechanisms, geared specifically to combat the 
information-destroying tendencies of law and chance. The 
Origin of these sophisticated proofreading and_ error- 
corrections systems also requires explanation. For someone 
to then turn around and suggest that law and chance 
produced these information-rich systems in the first place is 
completely upside down and backwards. 


This brings us to the second thing we know. We know of 
only one type of cause with the demonstrated power to 
produce functionally integrated, information-rich systems of 
this sort. That cause is intelligence. 


Examples abound. All around us we have desktop 
computers, smart-phones, cloud servers, smart TVs, web- 
based applications, connected devices, and on and on. All of 
these functionally integrated systems— billions and billions 
of them around the world—and the information contained 
within them came about through a process of goal-oriented 
activity, preparation, planning, gathering requirements, 
choosing materials, creating prototypes, identifying 
interconnectivity protocols, and so forth. In other words, 


they came about through a purposeful design process, 
through the activity of mind. Not a single one of them came 
about by purely natural causes. 


Even simpler information-rich artifacts, such as a book or 
an Instagram post—all of these trace back to a mind, an 
intelligence. 


As Meyer has noted, “Our uniform experience affirms 
that specified information—whether inscribed in 
hieroglyphics, written in a book, encoded in a radio signal, 
or produced in a simulation experiment—a/ways arises from 
an intelligent source, from a mind and not a strictly material 
process.... Indeed, whenever we find specified information 
and we know the causal story of how that information arose, 
we always find that it arose from an intelligent source.”2° 


And note that this is a conclusion based not on ignorance 
or idle speculation or lack of Knowledge, but on the many 
things we have learned and observed in molecular biology 
and elsewhere—on what we know. It is a conclusion based 
on our regular, repeated, and uniform experience and 
observations. 


Whodunit? 


No SCIENTIST Was around at the time life was first formed on 
the Earth. There were no bloggers or reporters or cameras 
or video blogs to record the event or give us a “breaking 
news” report on how life started. Q from Star Trek can’t take 
us back for a front-row seat of the main event. The origin of 
life was a historical event, one that took place long ago, far 
in the past and beyond our ability to witness. As a result, 
and as with all of the historical sciences, the way forward is 
to assemble clues, consider competing explanations, and 
carefully determine which proposed cause is the most likely, 
the one that most adequately explains the clues on the 
table. 


Consider an illustration. Suppose you've recently moved 
to Eastern Washington from out of state, and while putting 
in a garden in your backyard you come across a layer of 
white powdery material a little way below the surface. You 
later find out that the same layer can be found throughout 
the region. You quickly run through some possible causes. A 
flood? A disastrous outpouring of pollutants from an old 
factory in town, one long ago closed down? A volcano? Each 
of these causes can impact a large geographic area and will 
affect the geology of a region. However, you quickly 
recognize that only one of the proposed causes has the 
demonstrated capacity to actually produce the effect in 
question. A big flood might lay down a layer of silt over a 
wide area, but not ash. An industrial disaster could not lay 
down the sheer volume of material you’ve encountered. 
Plus, industrial disasters don’t produce volcanic ash, and 
after getting a chemist friend to run some tests, you confirm 
that it indeed is volcanic ash. So you draw a reasonable 
inference from the evidence: the white powdery ash was 
produced by a volcanic explosion.2/ 


Notice how with careful reasoning and analysis, you can 
draw a reasonable inference from the physical evidence and 
come to the right conclusion, even if you had never heard 
about or witnessed that fateful Sunday morning in the 
spring of 1980 when Mount St. Helens erupted, sending a 
massive plume of ash heavenward that eventually spread as 
far as Canada. 


As we consider the origin of life, we are like a scientist 
examining a deposit of ash without having been there to 
actually see the volcanic eruption. Because we weren’t 
there to observe the origin of life, we can’t replay a video of 
the event and say, “There it is. That’s how it happened.” But 
that doesn’t mean we are reduced to unsupported 
speculations, or to throwing up our hands and giving up on 
the question. Instead, we can look at the clues and the 


evidence and draw upon our own experience to come to a 
reasonable conclusion—what philosophers of science call an 
inference to the best explanation. 


In the case of the origin of life, what needs explaining 
isn’t a layer of volcanic ash, but instead the presence of 
information in the first living cell. And the cause is clear, if 
we are but willing to entertain it. All of the many naturalistic 
explanations that have been proposed over the years fail to 
explain the information-rich systems we see in even the 
simplest single-celled organism. Indeed, naturalistic 
processes tend to degrade information over time, not create 
novel information. As a result, we can reasonably conclude 
that none of these explanations can be what philosophers of 
science call the “true cause,” because none of them has the 
Capacity to produce what we observe in molecular biology. 
However, we do know of one cause that regularly produces 
large amounts of information and repeatedly produces 
complex, functionally integrated, information-rich systems, 
such as we find in living cells. That cause is intelligence. 
Unlike the naturalistic explanations, creative intelligence 
can be the true, the adequate cause, because it is capable 
of producing these kinds of effects. 


So the clear and reasonable conclusion we can draw for 
the origin of life and the information-rich systems we find in 
even the simplest organism—the inference to the best 
explanation—is that they were caused by the activity of an 
intelligent agent. 


A Vanishing Act 


SOME PROPONENTS of the naturalistic abiogenesis story counter 
this information argument to design by attempting to 
explain away the information in DNA. In essence they try to 
make the information vanish. They employ either of two 
strategies to this end. 


First, some have tried to explain away the information- 
rich content of DNA by arguing that there actually is no 
information in DNA. We might think there is information in 
DNA, but it isn’t really there, they argue. We, as humans, 
are simply imposing our own biases and expectations on 
DNA, and really it is just a molecule like any other. What we 
call “information” is simply our way of understanding the 
molecular makeup and behavior of DNA. 


If this seems to you like a strange argument, you are not 
alone. When Watson and Crick discovered the structure of 
DNA and recognized the complementary base pairing and 
copying mechanism, they were not just imposing their own 
expectations and biases on the molecules. They were 
discovering something that actually existed in the real 
world, something that was already there long before they 
were born and before they turned their attention to the 
cellular world. They certainly had no religious bias prodding 
them to see information in the cell. Neither man was 
particularly religious, both held out hope that a purely 
materialistic explanation for the origin of life might one day 
be found, and Crick even went so far as to suggest that the 
first life on Earth was seeded from outer space, having 
originated on some faraway planet. This idea only backs up 
the problem to another planet, and it adds the additional 
difficulty of safely transporting microscopic life across untold 
millions of miles of cold space while it’s being bombarded by 
harmful cosmic rays. But the fact that he was willing to 
reach for such an explanation clearly shows that this was 


not a man eager to acknowledge purposeful design as an 
explanation for the origin of life on Earth. And yet he and 
Watson readily acknowledged that the cell is rich with 
information and information-processing systems. 


Subsequent discoveries have only confirmed and 
deepened that understanding. Thus, it has been known for 
decades that there is information in DNA—real, observable, 
encoded, functional information. Numerous successful 
companies have been founded to retrieve, study, and 
analyze the information in DNA. University biology 
departments and even some computer departments have 
created courses to teach the next generation of scientists 
about the information in DNA. An entire field of research 
called “bioinformatics” has arisen in recent years, dedicated 
to the study of information in biological systems, in 
particular the information in DNA. 


Other opponents of design in biology have taken just the 
opposite tack, arguing that there is_ information in 
everything. The assumption behind this argument is that all 
matter in the universe contains information—the rocks, the 
particles, the stars, and the galaxies. Sure, DNA contains 
information, they argue, but so does everything else. So 
there is nothing unique about DNA. Nothing to see here, 
folks. Move along. 


One person I’ve debated argued, for example, that DNA 
is just a molecule like any other molecule and that there is 
nothing more interesting in DNA than in a glass of salt 
water, because, as he claimed, there is information in both 
DNA and salt water. 


This, too, iS nonsense. Even a child can _ readily 
understand that there is a world of difference between what 
we find in DNA and what we see in something like a glass of 
salt water or the particles of lifeless matter floating about 
the universe.2® It’s the same difference as between the 
letters in a meaningful book and page after page of random 


characters (in the case of particles floating haphazardly 
about the universe), or (in the case of salt water) page after 
page of a relatively simple pattern of repeating letters—for 
example, aabbccdd, aabbccdd, aabbccdd repeating over 
and over. 


In contrast to these non-living examples, what we find in 
DNA is neither a simple repeating pattern nor a random 
collection of nucleotides. Instead, DNA contains highly 
specified, functional information stored directly in digital 
form and expressed through the genetic code. 


How did the information we find in cells arise in the first 
place? The question persists. Any attempt to ignore it or to 
Sweep it under the rug by denying or trivializing the 
existence of biological information is intellectually empty 
and gives us a hint that perhaps there is some other agenda 
than open-minded scientific inquiry at play. 


Coming Full Circle 


TODAY, WITH the tremendous developments over the last few 
decades in our understanding of DNA and the genetic code, 
along with the discovery of ingenious molecular machines at 
the cellular level, we are better positioned than ever before 
to answer the question at the beginning of this chapter: How 
did life begin? The accumulated evidence we have today 
points toward a planned, purposeful, carefully designed 
origin of life as the best explanation. 


There are many origin-of-life researchers who reject this 
conclusion, but they do_ so _ primarily by _ insisting 
dogmatically that scientists must only entertain purely 
naturalistic, mindless processes to explain the origin of life. 
Their claim that life arose on the early Earth through a long 
series of unguided chemical interactions is hardly more valid 
than the distant speculations of our ancient forebears about 
spontaneous generation. Actually, it’s arguably less valid 
because modern materialists no longer have the excuse of 
ignorance. People once thought that life routinely emerged 
from non-life. We now know better. And no further back than 
Darwin’s time many scientists assumed that microscopic life 
was fairly simple. Now we know that even the simplest cell 
is a marvel of information processing and engineering 
sophistication. 


Despite Darwin’s creative conjectures about the first cell, 
despite the theories of Oparin and Haldane, and the careful 
experiments of Miller and Urey, despite the subsequent 
decades of discovery—and indeed, in large part because of 
those discoveries—it’s clearer than ever that something 
more than time and blind material processes are required to 
conjure up the first living cell. 


When we step away from the vague proposals and 
speculations from the past and examine what is actually 


required for a living organism—what is actually required to 
assemble a complex, functional, information-rich organism— 
the answer is clear. The first life was not an accident of 
chemistry or a lucky draw of the cosmic lottery. Rather, life 
was intended. It was planned. It was orchestrated. 


It was designed. 


Review: Your Turn 


1. 


How do scientists investigate and reason about past 
events that they can never directly observe, such as 
the origin of the first life on Earth? 


. Why is the assumption that life must have started by 


purely natural processes, without any _ intelligent 
guidance or intervention, a philosophical assumption 
rather than a scientific one? 


. Instead of assuming that life must have originated by 


purely natural processes, what evidence can we 
consider to determine whether this is true or whether 
life required a creative intelligence? 


. Did the Miller-Urey experiment show that life could 


arise on the early Earth by natural causes? What did it 
show? 


. What does DNA contain that makes it so different from 


non-living matter? 


. Even the simplest cells are brimming with information. 


What type of cause has the demonstrated ability to 
generate new information? 


3. A FACTORY THAT BUILDS 
FACTORIES THAT BUILD 
FACTORIES THAT... 


Eric H. Anderson 


NOBEL PRIZE RECIPIENT AND HARVARD ORIGIN-OF-LIFE RESEARCHER Jack 
Szostak once remarked, “In my lab, we’re interested in the 
transition from chemistry to early biology on the early 
earth.... You want something that can grow and divide and, 
most importantly, exhibit Darwinian evolution.”! 


Another noted origin-of-life researcher, Gerald F. Joyce, 
Says much the same thing. When asked about the idea that 
chemicals might have come together on the early Earth to 
form something that could copy itself, Joyce responded, 
“That’s what we and others are interested in because that’s 
sort of, you know, the tipping point between chemistry 
before and biology after.”2 


Self-replication, then, is not just one more in a long list of 
problems to be solved for the origin of life. As far as many of 
the leading’ origin-of-life researchers are concerned, 
discovering the pathway to a self-replicating entity is the 
central challenge, the Holy Grail. Figure out how to get that 
from purely natural processes, and the hope is that 
everything else will take care of itself. 

But it’s a Grail that continues to elude the research 
community, despite the brash claims occasionally made to 
the contrary. 


Dawkins’s Miracle Molecule 


A FEW years ago | happened to turn on my car radio and 
caught the end of a lecture segment on public radio. 
Evolutionary biologist and prominent atheist Richard 
Dawkins was the guest. Dawkins held the position of 
Professor for the Public Understanding of Science at Oxford 
University for more than a decade, and one of the questions 
posed to him made me quickly reach over and turn up the 
volume. 


“How close are we to understanding the origin of life?” 
the moderator asked. 


| half-expected Dawkins to acknowledge the many 
difficulties with abiogenesis, to admit that this was a huge 
open question, and to confess that we don’t yet have any 
good abiogenesis scenarios, while claiming, aS so many 
proponents of evolution do, that the origin of life is a 
separate question from biological evolution. That is, | 
thought he might concede the many widely acknowledged 
difficulties still facing the origin of life but try to contain the 
damage for the materialistic outlook by emphasizing that at 
least things were well in hand for evolutionary theory after 
the origin of the first life. 


To my surprise, Dawkins responded rather glibly that we 
have a pretty good idea how life started. Yes, there are 
some challenges, he acknowledged, but we know what 
happened in broad strokes and at this point, he implied, we 
are basically filling in the details. 


Having studied the origin of life at length and being 
aware of the many and acute problems with abiogenesis 
theories, it struck me as more than a little irresponsible for 
someone wearing the title of “Professor for the Public 
Understanding of Science” to claim in a public venue to 
thousands of listeners that we have a pretty good idea how 
life started. 


Why would Dawkins make a statement like that? Was he 
purposely misinforming listeners about the current state of 
the science, or was he unaware of the many problems with 
abiogenesis? Did he really believe what he was saying? 


As | analyzed the question further in the coming days, | 
realized that Dawkins’s thinking likely stems from the notion 
that the origin of life—at least the initial starting event—was 
a relatively simple event. Not necessarily a common event 
or an easily repeatable event, mind you, but a relatively 
simple one. 


In his book The Selfish Gene, Dawkins paints a picture 
remarkably similar to Darwin’s statement in his 1871 letter 
to Joseph Hooker (quoted in the previous’ chapter). 
“Nowadays large organic molecules would not last long 
enough to be noticed: they would be quickly absorbed and 
broken down by bacteria or other living creatures,” Dawkins 
writes. “But bacteria and the rest of us are late-comers, and 
in those days [on the early Earth] large organic molecules 
could drift unmolested? through the thickening broth.”4 


With this assumed backdrop of early Earth conditions, 
Dawkins goes on to suggest the first key step in the origin of 
life: “At some point a particularly remarkable molecule was 
formed by accident. We will call it the Rep/icator. It may not 
necessarily have been the biggest or the most complex 
molecule around, but it had the extraordinary property of 
being able to create copies of itself.”> 


This hypothetical self-replicating molecule is crucial to 
the materialist creation story, and on two counts. First, 
getting a complete organism to arise by chance is, as is 
widely acknowledged, too unlikely and never could have 
occurred. So something simpler, something that had a much 
greater likelihood of arising by pure chance, something like 
a simple self-replicating molecule, had to kick-start the 
process. Second, once this self-replicating molecule came 
on the scene, then Darwinian evolution could kick in, 


bringing the impressive power of random mutations and 
natural selection to eventually transform our simple self- 
replicating molecule into an actual organism. 


At least that is how the story goes. 


This “particularly remarkable molecule,” Dawkins 
Suggests, is easy to imagine, and the remainder of his 
description of this extraordinary entity consists of a simple, 
though chemically unrealistic, thought experiment about 
how such a fascinating molecule might work, making copies 
of itself, “competing” with other molecules in the watery 
environment, and so on. 


Origin-of-life researchers, to their credit, haven’t been 
satisfied with thought experiments alone. There has been a 
great deal of effort expended over the past couple of 
decades trying to create a self-replicating molecule in the 
lab, and then to apply the lessons learned to the question of 
the origin of life. Some good work has been done and some 
interesting results occasionally published, but nobody has 
been able to create such a molecule. 


To be sure, there have been several papers published 
and news stories released proclaiming that researchers 
have created this or that self-replicating molecule, but these 
claims invariably turn out to be misleading. If anyone has 
actually discovered or created a self-replicating molecule, 
they are keeping it a very good secret. 


This failure to produce such a molecule, keep in mind, is 
despite decades of research and_ lavish _ financial 
expenditure. The reason for the failure is not for lack of 
time, effort, and funding. No, the reason is much more 
fundamental. 


The Blob Has a Secret 


As we sAw in the previous chapter, there was a sense in 
Darwin’s day that microorganisms were rather simple, each 


One littlhe more than a tiny “blob of protoplasm.”© Darwin 
viewed the organism as a flexible conglomeration of these 
simple cells. Through no fault of their own, he and his 
contemporaries of the time knew nothing of genetic 
information processing, signaling, and feedbacks, nothing of 
cellular machinery, integrated systems, complex 
coordination of molecular parts, or the many _ other 
requirements for even the simplest working cell. 


In The Origin of Species Darwin described organisms as 
“olastic.”” He wasn’t referring to the material used to make 
children’s toys today, but rather to the idea that organisms 
were flexible and could, he was convinced, be readily 
Shaped and molded by natural selection to essentially any 
form. From this viewpoint it followed that adding more cells 
or making changes to the organism should also be a 
relatively simple process. 


However, with the accumulating knowledge of cellular 
structures in the late 1800s, the discoveries of cellular 
systems and proteins and metabolic pathways, the 
unraveling of DNA’s structure in the 1950s, and the 
subsequent discoveries up to the present that continue to 
uncover new depths of biological complexity, it became 
ever clearer that cells are anything but simple, and that 
even the humblest organism is complex beyond anything 
previously imagined. Not just complex. Complex and 
coordinated, with a 4-bit digital code, information storage, 
retrieval and _ translation mechanisms, — error-correction 
algorithms, functionally integrated systems, and molecular 
machines—marvels of nanotechnology that put to shame 
anything humans have yet created. 


As a result of these discoveries it became increasingly 
clear that no organism, even a relatively simple single- 
celled organism, could arise all at once on the early Earth by 
chance. 


But if life couldn’t arise by chance as a single event, 
perhaps a series of events could do the trick. Perhaps if the 
problem were broken down into simpler steps then it might 
be possible? 

With that thought firmly in mind, abiogenesis proponents 
busily churned out hypothesis after hypothesis that might 
help the process along, simpler steps that could perhaps 
lead to something more. In other words, rather than 
attempting to explain how a simple single-celled organism 
could arise by chance, many origin-of-life researchers 
focused on_ identifying what the initial capacity or 
characteristic of the earliest stage of life likely was. As we 
saw in the previous chapter, information storage and 
processing seem to be central to all life forms. So perhaps 
life started with DNA. Other researchers noted that life 
needed a way to obtain and use energy to run cellular 
processes. So perhaps the key to the origin of life was a 
primitive form of metabolism. Still other researchers focused 
on the fact that organisms needed a way to protect 
themselves from the surrounding environment and protect 
the tender early chemical reactions from interference. So 
perhaps life had to start with a protective shell or bubble, 
some kind of early cell membrane. 


One of the more promising ideas emerged from the 
discovery that some RNA molecules could act as enzymes, 
helping catalyze chemical reactions in the cell. Since RNA 
could also store information, similar to DNA, it seemed 
ideally suited to perform not just one, but two roles in the 
abiogenesis story. So perhaps, it was suggested, life started 
as an RNA molecule. 


These and other ideas continue to be developed today, 
with regular press releases and articles gracing the pages of 
popular news sites and prominent scientific journals. 
Without minimizing the importance of any particular avenue 
of research, it is nevertheless safe to say that the most 


prominent view today among origin-of-life researchers is 
essentially the same that Dawkins outlined in The Selfish 
Gene—namely, life started with a molecule, some kind of 
self-replicating molecule. 


Darwinian Evolution All the Way Down 


THE CURRENT evolutionary view of life, although much more 
attuned to the complexity and information-rich properties of 
organisms than was the science of Darwin’s time, is still 
very much dependent on the same two assumptions Darwin 
made so long ago: First, if we start with a simple entity it will 
eventually undergo variations sufficient in both kind and 
guantity to turn it into another organism; indeed, to 
eventually turn it into everything we see in biology today. 
Second, organisms are very flexible in their makeup, able to 
undergo innumerable changes over time and incorporate 
those changes into their makeup without breaking down or 
missing any steps in the long chain of required changes. 


Based on these two fundamental assumptions, the 
thinking among current origin-of-life researchers is that if we 
can just get a self-replicating molecule on the early Earth, 
then the Darwinian process of mutations and _ natural 
selection can take over and, eventually, produce the first 
living organism. Then that first living organism will of course 
go on to produce everything we see around us in nature... 


Don’t misunderstand. There is serious doubt (as we will 
explore later in this chapter and the subsequent chapters of 
this book) whether the evolutionary mechanism can actually 
transform a self-replicating molecule into a living organism 
and produce the kinds of systems we see in living beings. 
But the vision of natural selection having near-mystical 
powers of creation has taken such hold on the evolutionary 
imagination that many researchers seem to believe that 
with the magic wand of natural selection, “all things are 
possible.” Stated another way, it is not that there is actually 


any good evidence that a self-replicating molecule can give 
rise to complex life; it is just that once natural selection 
kicks in, the idea becomes more believable to many people. 


As a result, many prominent origin-of-life researchers 
today view the origin of life as essentially a problem of 
getting a single self-replicating molecule. Once a self- 
replicating molecule appears on the hazy scene of the early 
Earth, the power of Darwinian evolution is thought to take 
over and then... anything goes. 


Thus does an article discussing origin-of-life research by 
David Horning and Gerald Joyce observe, “Research into the 
origin of life takes for granted that the first living thing was 
much simpler than any existing life... At some point, one 
molecule acquired the ability to replicate itself from 
chemicals found on the primordial Earth. Once that took 
place, Darwinian evolution could take over.”® 


With that assumption firmly in place, the self-replicating 
molecule takes on the central role in the dramatic history of 
life on Earth, and self-replication becomes the key to the 
entire abiogenesis story. 


Most criticisms of abiogenesis over the years have 
focused on the reducing atmosphere, energy sources, the 
difficulty of forming life-essential polymers in the primordial 
soup, the existence of the necessary nucleotides or amino 
acids at the right place and time, the rise of coding and 
information-rich molecules, the astronomical odds against 
getting molecules joined up in the right order, and so on. 


However, much less time has been spent on the issue of 
self-replication. Indeed, even most critics of abiogenesis 
largely ignore the issue or appear to accept unreflectively 
the idea that self-replication may indeed be an early step on 
the path to the first life. 


Evolutionary proponents, for their part, hesitated to take 
on the challenge of abiogenesis for many decades. Indeed, 


for debating purposes many refused to grapple with it, 
arguing that the origin of life is a problem that stands 
completely apart from evolution and need not be addressed 
by evolutionary proponents because evolution only starts 
once there is a living organism. But the formidable 
challenges with abiogenesis have forced its proponents to 
fall back on what they view as the most powerful force of 
creativity: Darwinian evolution in the form of natural 
selection acting on variations arising within self-reproducing 
entities thought to exist before the first living cell. The hope 
is that in this way Darwinian evolution can solve the difficult 
challenge of getting that initial living organism in the first 
place, a challenge that includes creating metabolism, 
cellular systems, and pages and pages of precisely coded, 
high-functioning digital information. 


So, rather than being irrelevant to the origin-of-life story, 
Darwinian evolution is now viewed as central to it—a last- 
ditch effort to hold together the many rapidly unraveling 
threads of the abiogenesis tapestry. This marks a significant 
shift in the rhetorical underpinnings of the materialist 
creation story. 


It is true that earlier researchers such as Oparin, 
Haldane, and other abiogenesis proponents had at times 
described the origin-of-life process as some kind of chemical 
“evolution.” Yet any connection between such a chemical 
evolutionary process and Darwinian evolution long remained 
tenuous at best. Indeed, many scientists and theorists over 
the years explicitly rejected the application of Darwinian 
evolution to the time period before the existence of the first 
living organism, drawing a bright line between the problem 
of the origin of life and the evolution of life following its 
origin.? 

This is no longer the case. Under the current paradigm, 
abiogenesis begins with undirected chemical reactions, 
leading by chance to a simple self-replicator, such as a self- 


replicating molecule of some kind. Abio-genesis proponents 
imagine natural selection stepping in at that point to help 
the tender molecule acquire additional traits, eventually 
leading to the first living organism and then from there to 
the full complexity and diversity of life we see today. 


So, rather than having a living organism and then 
endowing that organism with an additional ability of self- 
replication, the materialistic abiogenesis story makes self- 
replication the first ability. Self-replication thus becomes the 
initial formative characteristic of the ancestral entity of all 
life, the characteristic from which all other subsequent 
features and powers arise. 


Three Indispensables... Actually, Four 


WHAT WOULD it take for a chemical unit on the early Earth to 
achieve the ability to self-replicate? That’s no small 
challenge. Some have pointed to crystals, autocatalytic 
reactions, and even RNA ligase molecules.!° But despite 
interesting chemical and structural properties, none of these 
actually self-replicates. 


A number of researchers have considered what might be 
required of even the simplest truly self-replicating chemical 
entity. Here are three core requirements: (1) It has to be 
able to form under natural conditions, without help from a 
lab technician. (2) It has to be able to make copies of itself 
by locating and ordering specific atoms or small molecules 
that would be available in the environment, not by simply 
catalyzing a reaction between carefully designed and 
previously prepared sections of itself, as in so many of the 
lab experiments carried out in recent years. (3) It has to be 
stable enough to exist in real-world conditions on the early 
Earth—the “primordial soup”—without breaking down too 
quickly and without getting bogged down by interfering 
cross-reactions. 


Additionally, if the molecule is to jump-start a Darwinian 
process of mutation and natural selection, it must have the 
Capacity to mutate while somehow retaining the ability to 
faithfully replicate its now-mutated self. 


Based on extensive research performed by many origin- 
of-life researchers over the past couple of decades, there 
are good reasons to conclude that a single molecule alone 
could not manage all this.41 Note, too, that the above is only 
a summary list of requirements. A comprehensive list would 
fill many pages.!2 


The challenge in origin-of-life studies is to self-replicate a 
self-replicator, which can in turn self-replicate a_ self- 
replicator, ad infinitum. The equivalent would be a computer 
that can self-replicate itself, the copies of which could self- 
replicate themselves, on and on. And indeed, not just 
computers but fully functional robots. 


Some might be tempted to point to a computer virus or 
other computer program that can copy itself, but such 
programs are not self-replicating in any substantive sense. 
The software program only exists and runs on a carefully 
designed and functional piece of hardware that is certainly 
not replicated in the process. Further, there is generally an 
operating system, as well as several additional layers of 
software in the form of drivers, compilers, interfaces, 
middleware, and so on. The most that can be said for so- 
called “self-replicating” computer programs is this: a 
carefully designed and functionally integrated system of 
hardware and software can reproduce a copy of a portion of 
the software on the machine. Interesting, yes, but 
essentially irrelevant to the problem at hand. 


True self-replication is a more onerous task. Once we 
consider the task of actually building a_ self-replicating 
machine that can exist in the real world in physical, three- 
dimensional space, the challenges become a bit more 
evident. 


A 3D Printer That Prints... 3D Printers? 


TO HELP US Understand what is involved in self-replication, 
let’s set aside for a moment the dizzying complexity of the 
living cell and consider what would be involved in building 
the simplest possible self-replicating machine with our 
existing technology. 


The ability to engineer a self-replicating machine has 
been the topic of much discussion in science fiction stories 
and movies, ranging from the large and _ powerful 
Terminator-style robots to small but deadly nanites. It 
remains that—science fiction. But will it always be so? 


There are now 3D printers with the ability to create some 
of their own parts in three-dimensional space. This has, for 
the first time in human history, allowed us to begin 
dreaming in concrete terms of taking the first steps on the 
long and still baffling road to creating a self-replicating 
machine. Is such a feat even possible? It sounds fantastic, 
even crazy, but the fantastical idea is driving some 
fascinating research. And what we are learning has direct 
implications for research on what would be minimally 
required for the first self-reproducing entity in the history of 
life. 


First, a bit of background on 3D printing for those new to 
the field. 


| became interested in 3D printing years ago and have 
followed the development of the industry off and on ever 
since. Recently the technology has become cheap enough 
that 3D printers have moved into the world of the hobbyist 
and the technology enthusiast. Popular consumer-level 
printers include MakerBot, FlashForge, Creality3D, and many 
others. 

At the time | am writing this, 3D printers range from 
personal machines costing a few hundred dollars that 
produce rough prints in a single material to high-end 


professional printers costing many thousands of dollars 
boasting sub-50-micron resolution and printing in multiple 
materials. Several different kinds of 3D printing technologies 
also exist, from material extrusion (the most common 
technology for consumer and prosumer printers, and the 
one that you have probably seen many times), to powder 
bed fusion, photo-polymerization, ultrasonic additive, 
material jetting, electron beam melting, and more. 





Figure 3.1. 3D printed stand designed by the author on an early extrusion 
printer. 


Several years ago our local library received a grant to 
educate library patrons on the technology of 3D printers by 
allowing patrons to reserve print time, so | took advantage 
of the opportunity to design and print a simple stand for one 
of my 5x5x5 cubes (basically a Rubik’s cube on steroids). 


This is an exciting and explosive technology that 
promises to transform the landscape of design and 
prototyping activities, and even some manufacturing 
processes. There are a lot of daring engineers and 
visionaries in the field, but perhaps among the most daring 
are those involved in the RepRap Project, an open-source 
venture that seeks to create a self-replicating 3D printer.!2 
Many people have been involved in this project and have 
done tremendous work in moving it forward, with significant 
strides made. Many of the parts for a RepRap printer can be 
printed on the printer itself to reasonable tolerances, 


enabling a hobbyist to use those parts in the construction of 
a new printer. 


However, as is often the case with groundbreaking new 
technologies, the excitement around potential future 
breakthroughs tends to intrude into assessments of on-the- 
ground realities. For example, the RepRap website touts the 
machine as “humanity’s first general-purpose _ self- 
replicating manufacturing machine.” In an allusion to 
evolutionary thinking, and ignoring the tremendous amount 
of design and engineering involved in producing RepRap, 
one of the early RepRap printers was even named “Darwin.” 


Another interesting printer, the Kickstarter-backed BI 
V2.0,14 received breathless attention in late 2013, with a 
myriad of headlines touting “The World’s First Self- 
Replicating 3D Printer!” This isn’t just sloppy newswire 
enthusiasm; even the official project website touted BI V2.0 
as “a self-replicating, high precision 3D Printer.”1° 


If one is the trusting sort, it’s tempting to look at projects 
like RepRap or BI V2.0 and think, “Wow! We are almost 
there. We’ve nearly created a self-replicating machine!” But 
a closer look is warranted. Neither RepRap nor BI V2.0 are 
self-replicating. 


Not in theory or in practice. 
Not even close. 
Not even in the ballpark. 


Don’t get me wrong. | love this technology. I’ve followed 
RepRap closely and consider it a fantastic idea and an 
excellent open-source’ project. | even considered 
contributing funds to the BI V2.0 Kickstarter project when it 
first came out. But despite impressive efforts, a human- 
designed self-replicating machine remains a long way off. 


Finding the Ballpark 


Many RepRap users have shared online photographs of the 
many parts of the RepRap printer that can be printed on the 
printer itself in a hard plastic material, like ABS plastic.1© An 
impressive number of parts can be printed, to be sure. Yet 
even a cursory analysis of the printing process reveals that 
the printer is not actually able to print any of those parts by 
itself. 





Figure 3.2. RepRap printer with arrows pointing to just a few of the many 
parts that cannot be printed on the printer. 


The printer must first be set up and programmed with 
the right parameters, and it must be fed the material for 
extrusion. Even after parts are printed, they must be 
carefully removed from the print bed by the user, inspected 
for quality and, in many cases, cleaned up or sanded before 
they are ready as usable parts. So the impressive number of 
parts that can be printed doesn’t tell the whole story. 

What’s more, many of the printer’s other parts cannot be 
printed by the printer, with or without help. These include 
structural Support rods, screws, copper wire, rubber drive 


belts, a precision stainless steel extrusion nozzle, a print 
bed, a heating element, clamps and ties, and a filament 
feeder. 


More daunting still, the printer requires a circuit board, 
an SD card reader, cabling, control switches, electric 
motors, and more in order to function. 


The printer is not even close to being able to produce all 
those parts. 


And the situation is even worse than all those problems 
would suggest. 


An electric motor by itself is a precision machine that 
requires multiple parts, manufactured to tight tolerances 
and assembled in just the right way in order to function. 
Even a simple electric motor includes a housing, shaft, rotor, 
stator, terminals, magnets, copper windings, some kind of 
lubricant and/or bearings, and wiring connections. 


More daunting still, a printed circuit board is a marvel of 
modern engineering and includes thermoset resin laminate 
materials, a battery, resistors, transistors, capacitors, 
inductors, diodes, switches, and more— all manufactured to 
precise tolerances. 


Finally, for our printer to be truly self-replicating, it must 
be able to work in multiple materials. It is one thing to print 
parts in plastic and to have the right nozzle and heating 
element to do that. It is quite another to print parts in 
multiple materials. If our printer were truly self-replicating, it 
would be able to work not only in plastic, but also in 
aluminum, stainless steel, copper, rubber, silver, gold, tin, 
and fiberglass. It also would need the ability to safely handle 
zinc chloride, hydrochloric acid, resin laminates, and etching 
chemicals. 


This is only a partial list of missing requirements. 


Now, it’s true that savvy engineers and designers often 
can find ways to substitute different materials and in 


different ways, so it’s possible to find a few workarounds 
that would trim down the total number of different parts and 
materials. To that end, some enterprising individuals have 
created offshoots of RepRap that use plastic in place of the 
steel support rods and the rubber belts. This is clever design 
work. But remember, these workarounds are limited in their 
application, the description above is just a very partial 
Sketch, and a detailed analysis would reveal many more 
parts and materials required for a truly self-replicating 
printer. 


The point here is not to dog on RepRap. As | said, I’m a 
fan. The point is to provide the reader with a sense of the 
challenge involved and the scale of the problem. Whichever 
printer we are analyzing and whichever parts list we want to 
focus on, we find that creating even a relatively modest 
machine that can produce all of its own parts is an 
astounding engineering challenge—a challenge far beyond 
anything our best engineers and brightest minds can 
presently accomplish. 


Putting It All Together 


IF we are hoping to ever build a self-replicating machine, 
there is another aspect of the process we will have to 
master that goes beyond replicating the parts. Even if our 
printer had the remarkable ability to print multiple materials 
at the sub-micron level, and print every single part used in 
the construction of the printer—something which at this 
stage is but a distant dream—it would still not be able to 
assemble itself. To be truly self-replicating, it would also 
need to be able to assemble those parts in actual, physical, 
three-dimensional space. 


To do that, the printer would need to have carefully 
controlled and sophisticated robotic assembly systems. For 
example, it would need an assembly arm to pick up the 
printed pieces, analyze them for completeness and quality, 


rotate them into the right position, and place them in the 
correct location. In reality, this would require multiple 
assembly arms and mechanisms. 


Also, aS soon as we introduce a new assembly arm and 
its many attendant parts into the mix, we then have an 
entire additional set of machine parts that in turn have to be 
incorporated into our printer design, printed, and 
assembled. It also would require additional computer 
software. And that software, that digital information, would 
be far from simple. Indeed, the entire printer would need to 
be radically re-engineered to account for these additional 
parts and mechanisms. 


Worse, every time we include a new part or an additional 
mechanism to assist with this challenging self-replication 
process, that new part or mechanism also must be 
replicated, requiring additional instruction sets, perhaps a 
reworking of the machine’s physical layout, and additional 
information related to this new part or mechanism: how it is 
to be constructed, how it is to be assembled, how it is to 
function. 


Indeed, every single time we add a significant new part, 
or in the vernacular of the materialistic evolution story, 
every time the nascent organism evolves a new meaningful 
function, that new function requires not only a careful 
integration into the whole, but the instruction set to 
implement and reproduce the parts necessary for that new 
function. 


Further, it is unclear how the printer could even 
accomplish the assembly without additional significant re- 
engineering. Remember, the printer occupies a physical 
three-dimensional space. The best it can do is assemble a 
copy right next to itself, with the far side of the copy some 
12 to 24 inches away. Thus, any assembly mechanism would 
have to be able to reach outside of the box—outside of itself 


—in order to reproduce itself. This suggests another 
challenge. 


In-House Engineering 


A 3D printer assembling a copy outside of itself might work 
on a Clean tabletop with no other interference, but such an 
approach is unfortunately completely unworkable in the 
fluid and watery biological environment. So the cell uses an 
ingenious approach. It constructs a copy of itself inside of 
itself, using its own cell membrane to form the protective 
environment for construction, and then divides by drawing 
the cell membrane inward between the original and the 
copy, eventually sealing off the gap and releasing the now 
completed copy into the larger environment. 


This approach allows the cell to faithfully self-replicate 
while avoiding disastrous interfering cross-reactions with 
other chemicals and molecules in the environment. It also 
keeps the cellular components from drifting apart and being 
lost in the watery environment. 


In a living bacterial cell, for example, the cell expands 
and the necessary inner components of the cell are 
faithfully replicated (including DNA). After the cellular 
components separate into separate ends of the cell, the 
center of the cell is divided and sealed off by a septum—a 
new cell wall and new membrane material separating the 
two halves—until it is completely sealed and the two cells 
are separated. 


Compare this replication process to our hypothetical self- 
replicating 3D printer. It would be as though our printer, 
basically a cube-like structure, were to expand its own 
frame to encompass a space the size of two printers, 
construct and assemble the new internal components in 
that protected space, and then rebuild two walls between 
the identical sections in order to release the completed copy 


into the environment. This would be a_ remarkable 
engineering feat indeed! 


Finally, a truly autonomous self-replicating entity must 
also be able to locate, acquire, and make use of raw 
materials for construction of new parts, and generate its 
own power from materials available in the environment. No 
convenient electrical cord plugged into the wall, please. Nor 
any careful feeding of the printer filament by a user. And for 
long-term successful replication over more than just a few 
generations, it would be critical to have numerous feedback 
and quality control mechanisms, error correction 
Capabilities, and the like. 


The above is only a very partial outline of what would be 
involved in building a truly self-replicating machine. But as 
we think through some of these details—an exercise that is, 
unfortunately, too often skipped by abiogenesis enthusiasts 
—we begin to grasp the scale of the problem. As we do so, 
and wonder if such an engineering feat is even possible, we 
should not overlook the elephant in the room: the creation 
of a 3D printer that could print all of its parts and also 
assemble all of those parts into another self-replicating 3D 
printer, and successfully do this generation after generation 
—as even the simplest self-replicating cell can do— would 
be a most impressive work of ingenious design. 


Wanted: Molecular Unicorn, Purple 


WHILE THERE are important differences between the macro 
world of 3D printing and the micro world of the cell, our brief 
review of what would be involved in creating a truly self- 
replicating machine in the macro world gives us a sense of 
the many abilities a self-replicating molecule would need to 
possess to be truly viable. For instance, the molecule would 
need to identify, position, and orient the correct individual 
building blocks. It would then need to link them together. In 
a liquid environment, the linking could not occur without 


accessing some energy source for assembling the blocks 
together. And among the many other capacities it would 
need to possess, the molecule would need the ability to 
error-check the developing duplicate molecule to prevent 
the essential information from degrading each time it was 
copied.!/ 

The exercise casts into doubt the notion that a solitary 
molecule, however large and sophisticated, could pull off 
the task. For starters, it would lack a cell wall to protect 
itself from the violent buffeting of the surrounding chemical 
soup and the unavoidable interfering cross-reactions. If it 
somehow possessed every other needed feature of a viable 
self-replicating machine, it would have to be orders of 
magnitude more complex—more sophisticated—than any 
existing organic molecule. And since the whole point of 
proposing this purple unicorn of a molecule is to suggest a 
potentially plausible pathway for blind natural forces to kick- 
Start life, then the question before us isn’t whether an 
intelligent agent could ever assemble such a remarkably 
capable hypothetical molecule, but whether mindless 
natural forces could somehow produce it, and do so before 
the Darwinian process of random variation and natural 
selection could help, since remember, that process only 
begins once a self-replicating entity is in place and doing its 
thing. 

What sort of super-molecule would be required? Neither 
DNA nor RNA, after all, comes even close to having the full 
suite of capacities needed to self-replicate all by itself. Each 
needs the other, and each needs the cell. 


What is the cell? It’s a work of nanotechnology beyond 
anything humans have ever built. The geneticist Michael 
Denton described it as a “an object of unparalleled 
complexity and adaptive design.” Denton invites us to 
imagine that we greatly magnify a cell so that we could see 
all of the cell’s components working together: 


What we would be witnessing would be an object resembling an immense 
automated factory, a factory larger than a city and carrying out almost as 
many unique functions as all the manufacturing activities of man on earth. 
However, it would be a factory which would have one capacity not equaled 
in any of our own most advanced machines, for it would be capable of 
replicating its entire structure within a matter of a few hours. To witness 
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such an act... would be an awe-inspiring spectacle. 

Having walked through just some of the technological 
requirements of a truly self-replicating 3D printer, this 
shouldn’t surprise us. When we observe that a cell can self- 
replicate, we can begin to ask what technologies, what 
Capacities, would be required for that to be possible. The list 
is long and daunting. The sophistication of the cell is 
wondrous. 


Researchers have attempted to identify the minimal 
requirements for a living cell by methodically removing 
proteins and seeing whether the cell continues to function. 
For a relatively simple parasite that depends upon its host 
for survival, researchers identified over 300 essential 
proteins.t2 Another research group studied one of the 
Smallest and simplest free-living bacteria and estimated 
that twice as many proteins were required.29 Even if we take 
the smaller estimate, that would still mean that over 300 
different kinds of molecules are required for a relatively 
simple self-replicating cell, not to mention the DNA molecule 
and the genetic instructions it contains. The idea that a 
single molecule could ever perform such a task stretches 
the imagination.2+ 


Those obsessed with the possibility of a self-replicating 
molecule have to ignore all of the careful analysis provided 
above. They have to ignore the reality that self-replication, 
rather than being a simple kick-starting point at the 
beginning of the long road of evolution, lies at the end of an 
extremely complicated, sophisticated, and _ specified 
engineering process. And they have to ignore the fact that 
every time a significant new biological feature is acquired or 


something is added to assist in the self-replication process, 
the very addition requires a reworking of the self-replication 
process itself, along with the likely addition of new 
components and additional information to self-replicate the 
new parts.22 


This fact, rarely discussed or acknowledged in the 
evolutionary literature, not only casts doubt on the 
materialistic origin-of-life story, but also represents a 
fundamental conceptual problem for the evolutionary 
process thereafter. 


The idea that self-replication is the starting point for the 
origin of life is not just questionable. It is not just one more 
in a long list of problems with the abiogenesis story. It does 
not just make the odds worse. It is completely upside down 
and backwards. It is diametrically opposed to the physical, 
chemical, and engineering realities. 


So why do many origin-of-life researchers remain fixated 
on the purple unicorn of a self-replicating molecule? 
Regrettably, in the area of abiogenesis it is the theory 
instead of the evidence that drives the thinking. This is why 
Richard Dawkins could confidently claim in The Se/fish Gene 
that “a molecule that makes copies of itself is not as difficult 
to imagine as it seems at first, and it only had to arise 
once.”23 Yes, imagine. The theory just requires some 
imagination and a strong dose of luck. 


It’s why so much energy in origin-of-life research today is 
focused on finding this elusive self-replicating molecule. The 
insistence on a materialistic origin of life, coupled with the 
hypnotic allure of the supposedly limitless power of natural 
selection, leads the materialist to draw a conclusion that is 
not only unsupported, but diametrically opposed to the 
physical, chemical, and engineering realities we see in the 
world around us. That is, it flies in the face of what we know 
both from engineering and from observing the simplest self- 


replicating bacteria, each a marvel of engineering 
sophistication. 


Self-replication, contrary to the materialist abiogenesis 
story, is not the beginning feature, a rudimentary trait that 
a single molecule could handle. Rather it is a culminating 
trait, one of the most dazzlingly hightech traits in the 
biosphere. The accumulated evidence, taken together, 
strongly suggests that self-replication lies at the end of a 
very complicated, deeply integrated, highly sophisticated, 
thoughtfully planned, carefully controlled engineering 
process. 


In the end, the abiogenesis story is not just incomplete, 
with details remaining to be filled in. No. The abiogenesis 
paradigm, with its placement of self-replication as the first 
stage of development, is fundamentally flawed at a 
conceptual level. It is opposed to both the evidence and our 
real-world experience and needs to be discarded. 


Review: Your Turn 
1. What is abiogenesis? 


2. What is attractive about the idea that Darwinian 
evolution began with a_= simple self-replicating 
molecule, rather than a living organism? 


3. According to abiogenesis researchers, is Darwinian 
evolution relevant to the origin of life? How? 


4. How close are we to being able to create a truly 
autonomous, self-replicating machine? What are some 
challenges that still remain? 

5. What problems, if any, are there with the idea of 
nature producing a relatively simple, self-replicating 
molecule? 


4. IRREDUCIBLE COMPLEXITY 
AND EVOLUTION 


Robert P. Waltzer 


YOU MAY HAVE HEARD IT SAID THAT EVOLUTION IS A FACT. The most 
reasonable response to such a statement isn’t yea or nay. 
It’s, what do you mean by evolution? That’s because the 
term evo/ution can mean many different things. It can refer 
to change over time in the plants and animals that have 
existed on earth. It can refer to relatively small changes 
within species. It can refer to the origin of fundamentally 
new species from earlier forms. It can refer to the common 
ancestry of all life on earth. 


More specifically, it may refer to the theory that natural 
selection acting on small variations over millions of 
generations explains the origin and diversity of all life—a 
theory first propounded by Charles Darwin and Alfred Russel 
Wallace in the nineteenth century, and further developed 
and refined in the subsequent 160 years.! Finally, the term 
may refer to some extended version of this theory, one that 
involves the natural selection/variation mechanism but also 
other natural mechanisms. 


So the term evolution can refer to many different things. 
Being aware of this can help us navigate discussions of 
evolutionary theory, clear away some of the fog that often 
bedevils conversations on the topic, and equip us to better 
assess Claims for and against evolutionary theory. To that 
end, let’s briefly unpack a few of the most common 
meanings of the term: change over time, common descent, 
natural selection, microevolution, and macroevolution. 


Change Over Time 


DIFFERENT PLANT and animal forms existed at different periods 
of geological history. Nobody seriously questions this claim. 
For example, if we look at the cat family (Felidae), some 
species became extinct, such as the Smilodon (known 
colloquially as the saber-toothed tiger), and others appeared 
more recently. SO members of the cat family were not 
always the same throughout geological history. This sort of 
change over time is often described by the term evolution. 
Notice that, by itself, such changes over time say nothing 
about what drove the change or whether some or all of the 
different life forms in the history of life share a common 
ancestry. Change over time is a very modest claim about 
the history of life on earth, one that few if any question. 


Common Descent 


IT’S WIDELY believed that cats—from lions to panthers to 
domestic cats and everything in between—share a common 
ancestor. Going beyond the cat family and extending this 
kind of relatedness to all species, most of Darwin’s followers 
argued that there was a common ancestor for all life on 
earth,2 an idea known as universal common descent. This 
was not a new idea with Darwin, but it gained extra weight 
after Darwin and Wallace proposed their theory of 
evolution,? and sometimes when somebody refers to 
“evolution,” they mean the idea that all life evolved from a 
common ancestor. (Note, however, that one can affirm 
common ancestry without endorsing any particular account 
of how this occurred. A person might, for instance, think the 
process was intelligently guided.) 


Natural Selection 


IN NATURE, there is often a competition for limited resources. 
Some members of a species possess this or that helpful 
variation, which makes them better at obtaining these 
resources. This, in turn, makes them more likely to survive 
and reproduce. The ones with the beneficial variations are 
thus more likely to pass on their beneficial variation to 
future generations. The beneficial variations are thus 
selected and the harmful ones filtered out. That’s the idea of 
natural selection in a nutshell. 


Genealogical Tree of Humanity. 
The Bueluteon of Mon V Ed 


a" Tee,_.__o8 


ee, 
Mammals 





J 
rates 


ae 


€ 
$ 
S 
= 
# 
= 
& 
- 
t 
< 
= 
= 
= 
= 
. 
Ps 
z 


£e 


par? 


= 


Protosoa 


- A 7 
Gastracads — 
= ee Le 
My Hlastacots lnfusoria 
PTT, . = J 


—— 





Figure 4.1. A “tree of life” illustration by nineteenth-century German 
naturalist Ernst Haeckel, depicting the idea that all species and groups of 
species arose from a common ancestor. Then and now, there is a certain 


amount of speculation in the production of such illustrations, and much 
disagreement among evolutionary theorists as to what to place where in the 
tree. 


As Darwin noted, when a variation helps a creature 
Survive and reproduce, that variation, called a selective 
advantage, is thereby more likely to get passed down to 
offspring and eventually become common in a population. 


Let’s consider a bird species in an environment where a 
shift in climate has led to an increase in the number of 
edible insects living in tree bark, where these bugs are most 
easily reached with slightly longer beaks than is the average 
for this species. At the same time, there are fewer seeds to 
be had in the wake of this climate shift, seeds best broken 
up and consumed using shorter, sturdier beaks. The beaks 
will naturally vary in size within this bird population, and 
those birds with the longest beaks will be better suited for 
obtaining organisms from the tree bark. So, those birds will 
be more likely to survive and reproduce in this new climate 
situation than if they had shorter beaks. The next 
generation might then have slightly longer beaks on 
average, and if the climate situation continues, the process 
will repeat, resulting again in slightly longer beaks, on 
average, within the population. 


On the other hand, birds that live in an environment with 
seeds hardened by drought might be best adapted with 
Short, stout beaks. This is one of the most commonly cited 
examples of natural selection acting on random variation, 
often mentioned in biology textbooks. It nicely illustrates the 
basic idea of evolution by natural selection. 


But notice that the variation is modest, and the beak 
sizes tend to wax and wane within a fixed range. So, while 
the example is one of the most commonly used to 
demonstrate natural selection, it is of only limited use in 
making a case for evolution by natural selection of 
fundamentally new animal forms from earlier ones.4 


Microevolution and Macroevolution 


MICROEVOLUTION REFERS to relatively modest evolutionary 
changes, like the ones mentioned above. Think of the way 
finch beaks vary in size, or how some bird species on windy 
islands without predators adapt to become flightless. That’s 
microevolution. Macroevolution, in contrast, means 
evolutionary change that produces fundamentally new 
biological structures and forms of life. At some point in the 
history of life there were no bird wings. And then eventually 
there were. If evolutionary processes invented bird wings, 
that’s macroevolution. 





1, Geospiza magnirostris. 2. Geospiza fortis. 
$. Geospiza parvula, 4. Certhidea olivazea. 


Figure 4.2. Drawings of Galapagos finches. Short, stout beaks better allow 
for eating hard seeds. Long beaks better allow for digging in tree bark to 
catch insects and other small organisms. 


Entomologist Yuri Philiptschenko is said to have coined 
the German form of the terms “microevolution” and 
“macroevolution” in a 1927 German work.° The influential 
Russian-American evolutionary biologist | Theodosius 
Dobzhansky introduced the terminology into English in his 
1937 work Genetics and the Origins of Species. There he 
commented that “we are compelled at the present level of 


knowledge reluctantly to put a sign of equality between the 
mechanisms of macro- and microevolution.”® 


Why reluctantly? Because as Dobzhansky conceded, 
while we can directly observe and construct experiments 
that produce microevolution, we have not been able to 
observe or produce macroevolution. Even today when we 
attempt it, more than eighty years after Dobzhansky wrote 
those words, we continue to hit a microevolutionary wall, 
and quite early. We see this even in the case of microbes 
that reproduce rapidly and in enormous populations, where 
millions of mutations and tens of thousands of generations 
are possible. 


So what “compelled” Dobzhansky to equate micro- and 
macroevolution? It seems that it was his commitment to the 
existence of macroevolution combined with the confessed 
lack of direct observational support for macroevolution. That 
is, he wanted to demonstrate that the entire diversity of life 
required no mechanisms beyond those of micro-evolution, 
but he couldn’t observe or produce macroevolution in order 
to clinch the case, so he _ settled for demonstrating 
microevolution and then equating it with macroevolution. 


Dobzhansky and other evolutionary theorists are, of 
course, free to equate the two, but the rest of us are free to 
note the crucial difference, the very inequality that 
Dobzhansky himself noted. Indeed, reason urges us to do 
so. Acknowledging the crucial difference, the inequality, is 
key to clear thinking on the issue. 


Can unguided microevolutionary changes accumulate 
and lead to dramatic macroevolutionary changes? Can they, 
for instance, lead to the rise of the first ocean-going 
animals, or the first dinosaurs, or the first mammals? Can 
they produce sonar in bats? We cannot even rationally 
address the question until we first acknowledge the clear 
difference between microevolution and macroevolution. 


Equivocation Alert 


EQuivocaTion is the logical fallacy of changing the meaning of 
a word in the middle of an argument. Take, for example, the 
following argument: “Whenever it’s sunny out, the streets 
are dry. Harriet has a sunny disposition. Therefore, 
whenever Harriet is out, the streets are dry.” The word 
“sunny” in the first place means the sun is shining; in the 
second place it means upbeat and cheerful. 


Arguments defending evolution often resort’ to 
equivocation, trading on the fact that the term evo/ution can 
refer to several different things. Take, for instance, someone 
who says that evolution is a fact, where by “evolution” he 
means the idea that natural selection working on accidental 
genetic mutations has produced macroevolution, the 
evolution of new structures and forms in the history of life. 
Suppose that this person then tries to prove evolution in this 
sense by citing how breeders have bred different kinds of 
dogs—microevolution by artificial selection. So, at first 
evolution means macroevolution by natural selection, but 
then evolution refers to microevolution by artificial 
selection. The evolutionist has used a term in his argument 
in two different ways, but acts as if the meaning hasn’t 
changed, or at least hasn’t changed significantly. This is an 
example of the fallacy of equivocation. 


We must understand that those who equivocate with the 
term “evolution” may not be acting in bad faith. They may 
not realize they are equivocating. But that doesn’t mean 
one has to go along with their confusion. Instead, the next 
time someone asserts something about “evolution,” press 
“oause” and ask what exactly the person means. And if the 
person points to evidence of evolution in action, ask 
yourself, what kind of evolution, if any, was_ just 
demonstrated? And does that evidence clinch the case for 
full-blown, unguided, microbe-to-man evolution? Does it 


contribute to the case but not clinch it? Is the provided 
evidence entirely beside the point? If so, what else, if 
anything, needs to be demonstrated to clinch the case for 
the full-blown theory of evolution? 


A Competing Explanation 


IN ASSESSING the claims for modern evolutionary theory, a 
worthy goal is to proceed as reasonably as possible, and to 
follow the evidence wherever it leads. Equivocating with the 
term evolution doesn’t get us there. It produces fog and 
confusion when what we want is clarity and insight. How can 
we proceed reasonably and in a way that’s guided by the 
evidence? The science of biological origins is a historical 
science, and the historical sciences have developed a 
Shared methodology for doing just this, proceeding 
reasonably and in a way that’s guided by the evidence. 


Historical sciences study clues in the present to solve 
mysteries about the past. In the historical sciences, 
investigators compare competing explanations for a given 
event or set of clues about a past event. Sometimes two or 
more explanations seem to adequately explain an event in 
question. If a decisive tie-breaking clue can be found, then 
one explanation can replace the other. If not, then it is not 
right for one explanation to declare itself “the truth” and 
anything else false. 


Take an example from the historical science known as 
forensics, used to study crime scenes. A man is found dead 
in his home. Forensic scientists are called in to investigate 
and determine the cause of death. Death by some natural 
illness? By murder? By suicide? By accident? The man was 
found in his tub with evidence of a hard blow to the back of 
his head. One of the investigators concludes the man 
Slipped and struck his head on the side of the tub. You can’t 
very well hit the back of your own head hard enough to kill 
yourself, the investigator reasons. So clearly it was not 
suicide, he announces. Instead, it was death by accident. 


But a second investigator points out that the man might 
have been struck in the back of the head by someone else. 


Maybe it wasn’t an accident. The first investigator points to 
the blow to the back of the head and notes that the blow is 
perfectly consistent with his theory of an accidental fall. 
Case closed, he says. When the other investigator raises an 
eyebrow, the first investigator accuses the other of 
sensationalism, of preferring the most dramatic explanation, 
murder. There is no evidence of forced entry into the house, 
the first investigator further notes, and if every bathroom 
accident is to be attributed to some mystery murderer, 
where will the conspiracy theories end? No, he insists. He’s 
going to write this up as a simple accident. The homeowner 
Slipped, hit his head, and died. End of story. 


Is that any way for a forensics expert to proceed? Of 
course not. He’s failing to give due consideration to the 
murder hypothesis. Instead, he should acknowledge that 
there is an alternative explanation and that this is not an 
open-and-shut case. Further evidence is required to 
establish one view over the other. 


The first investigator mentioned that there was no sign of 
a forced break-in. Good, but this is hardly decisive. The man 
could have been murdered by a friend or family member. Or 
maybe he left the front door unlocked. Instead of rushing to 
judgment, the first investigator should scour the scene more 
carefully for additional tie-breaking clues that might prove 
genuinely decisive one way or the other. If he did, he might 
find, for instance, a pewter bookend in the hallway that 
shows traces of having recently been cleaned with bleach, 
while the second bookend has not. The bookends also are 
Shaped in a way that matches the wound on the back of the 
dead man’s head. Important clues, but they won’t even be 
considered if the first investigator has his way. 


There is a case in origins biology not unlike the fictional 
scenario above. Similarities in genetics can be observed in 
various species. For instance, there is a set of genes 
involved in specifying the organization of the body as it 


develops. These are called Hox genes. We can see 
similarities in some Hox genes in species as disparate as 
fruit flies, octopuses, and humans. Evolutionary theorists 
assert that common ancestry is the explanation for these 
genetic similarities. That is, the similar genes are said to 
have passed from a common _ ancestor to these 
descendants, the various forms that share these common 
genes. Okay, that is one possible explanation for genetic 
similarities, but it isn’t the only explanation. 


Just as software developers reuse lines of computer code 
in different contexts as they design new software programs, 
or car designers reuse the principle of four wheels and two 
axles when designing a new car, so too might a designer of 
life have reused lines of genetic code across different 
species. This too is a potential explanation. 


Indeed, computer scientist Winston Ewert argues that the 
pattern of similarities and differences in various genomes 
has more in common with the pattern of similarities and 
differences we find among the work of software designers, 
who reuse software modules in different contexts even as 
they build software programs with new elements and new 
arrangements of existing modules. Ewert suggests that this 
pattern of similarities and differences favors purposive 
design as the primary cause of the genetic programs that 
help code for the diversity of biological forms we find in the 
biosphere. / 


Some evolutionary theorists, unfortunately, are like the 
first investigator above who dismissed the murder 
hypothesis by ruling it out as overly sensational, and then 
simply reiterated that his  death-by-accidental-fall 
explanation was consistent with the blow on the back of the 
victim’s head. These evolutionary theorists insist that 
inferring purposive design “isn’t science” and behave as if 
common descent via unguided evolution is the explanation 
for genetic similarities, end of discussion. 


Junk DNA or Junk Argument? 


FORTUNATELY, SOME evolutionary theorists do a bit better than 
this. They argue that Darwinism’s process of blind evolution 
by trial and error could be expected to produce a lot of 
genetic junk, and that our genomes are riddled with junk 
DNA. This, they say, is expected on evolutionary grounds 
but not if life were the work of an intelligence. 


Francis Collins and Karl Giberson offer the example of a 
gene involved in_ synthesizing vitamin C. “Primates, 
including humans, require vitamin C in their diet, or they will 
suffer a disease called scurvy,” they write. “What 
happened? The human genome has a degenerated copy of 
the gene that makes the enzyme for synthesizing vitamin C. 
This ‘broken’ gene has lost more than half of its coding 
sequence. To claim that the human genome was created by 
God independently, rather than having descended from a 
common ancestor, means God inserted a broken piece of 
DNA into our genomes. This is not remotely plausible.”® 
Such a broken gene is called a “pseudogene.” 


There are, however, answers to this argument. Genetic 
errors could easily be from devolution over time. That is, an 
original design without these errors took on mutational 
errors in the course of numerous generations. While the 
replication process is extraordinarily accurate and even 
contains an astonishingly sophisticated error-correction 
system, it isn’t wholly error-free, so we might expect errors 
to accumulate in some parts of the genome. 


Also, because chimps and humans are. similar in 
structure and function (they are both primates, after all), it 
is not unexpected that they would have a similar genetic 
sequence in a similar location. The fact that this gene 
ceased to work within the human lineage is not evidence for 
a common ancestor with chimps, let alone evidence for 
common ancestry instead of common design. 


Also, the fact that our supposed pseudogene does not 
function for vitamin C production does not mean that it does 
not have any function. The version in humans could still 
have some as yet undiscovered function. The Darwinian 
paradigm has discouraged the search for further function in 
this and many other genes whose possible function has yet 
to be determined. 


There is also the question why the remaining non- 
mutated portion is intact. If the gene were totally useless, 
why wouldn’t the remainder of it eventually undergo further 
mutation or even be deleted from the genome? | suspect it 
does not undergo such mutation or deletion because that 
might be deleterious to the individual, decreasing her 
chance of survival—because the gene may serve a function. 
And therefore the unmutated portion remains, serving some 
still undetermined but necessary function. 


Finally, if the evolutionary story that Collins, Giberson, 
and others tell were the case, we could expect to see this 
confirmed by the wider’ pattern of phylogenetic 
(evolutionary) relationships among the various animals 
found to lack the ability to synthesize vitamin C. But just the 
opposite is the case. As Sebastian J. Padayatty and Mark 
Levine, writing in the journal Oral Diseases, note, many of 
“those animals that lack vitamin C synthetic ability do not 
bear any phylogenetic relationship to each other, implying 
many independent mutations all resulting in the same 
phenotype. No common environmental influence is 
apparent. To date, there is no satisfactory evolutionary 
explanation for the apparent random loss of vitamin C 
synthetic ability.”2 

As for the vast sections of the genome that evolutionary 
theorists have deemed “junk DNA,” there are developments 
that would seem to favor the design hypothesis over that of 
blind evolution. Design theorists predicted years ago that 
much of what evolution proponents designated as junk 


would turn out to have important functions,!° and _ this 
design prediction has already proven true. Moreover, every 
year scientists uncover more evidence of the previously 
unknown functions of this so-called junk. 


Ann Gauger, Ola Hossjer, and Colin Reeves comment that 
“oseudogenes have not received much attention in the 
scientific literature because they are assumed to be ‘junk.’” 
But they say this is changing. “Where pseudogenes have 
been carefully studied, they are often found to be 
functional, and in some nonstandard ways,” they write. 
“Part of the problem is that a pseudogene may be active in 
specific tissues only during’ particular stages_ of 
development, making identification of their functions 
difficult. Nonetheless, researchers in the field are confident 
that continued research will yield more evidence of 
functionality.”?4 


Darwin’s Test 


BESIDES THE issue Of genetic similarities and differences, there 
are other potentially tie-breaking clues worth considering, 
evidence that might point toward the work of a creative 
intellect and away from blind evolution. Let’s look at one of 
these next, see how Darwinists respond, and consider how 
one might respond in turn. 


In his Origin of Species Darwin offered a way to test and 
possibly even falsify his theory of evolution. “If it could be 
demonstrated that any complex organ existed which could 
not possibly have been formed by numerous, successive, 
Slight modifications,” he wrote, “my theory would absolutely 
break down.”!2 With the development of high-powered 
microscopes and new observational techniques, we now 
know of many biological structures at the molecular level 
that can serve as candidates for potentially falsifying 
Darwin’s theory. In the past few decades, numerous tiny 


biological structures have been discovered, intricate 
structures often referred to as molecular machines. Michael 
Behe, professor of biochemistry at Lehigh University, has 
argued that at least some of them could not have evolved in 
the way Darwin envisioned and therefore do falsify 
Darwinism. He suggests that a better explanation for their 
Origin is purposive design; that is, a designing intellect 
fashioned them. 

Central to Behe’s argument is the idea of irreducible 
complexity. He defines irreducible complexity as “a single 
system composed of several well-matched, interacting parts 
that contribute to the basic function, wherein the removal of 
any one of the parts causes the system to effectively cease 
functioning.”+? If such molecular machines exist, how could 
they have evolved one small step at a time, given that they 
don’t work until all of their many essential parts are in 
place? Behe argues that they couldn’t have, and that 
molecular biology has turned up several irreducibly complex 
molecular machines, marvels of nano-technology that could 
not have evolved in the mindless, gradual way that Darwin 
and his successors envisioned. 


To grasp the concept of irreducibly complexity, it helps to 
envision a familiar machine, the common mousetrap. It’s 
relatively simple as far as machines go, but as Behe notes, 
it still requires “several well-matched interacting parts”!4 in 
order to function properly. If the hammer is removed, then 
the mouse will not be trapped. If the holding bar isn’t there 
to hold the hammer back, then the trap will be closed all the 
time and won’t catch anything. Take one of these essential 
parts away, reduce it by one key part, and it’s no longer a 
functioning mousetrap. This is what Behe means by 
irreducibly complex. 


IRREDUCIBLE COMPLEXITY 
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Figure 4.3. A mousetrap as an example of irreducible complexity. 


The Little Engine That Could 


Now Let’s move from the relative simplicity of the mousetrap 
to examples from biology. Behe gives several in his book 
Darwin’s Black Box.1> 


These include the human blood-clotting system and light- 
sensing mechanisms in our eyes. But let’s focus on his most 
famous example, a miniature motor that in some ways puts 
to shame even the motor of a winning Formula 1 racecar. 


In an electron microscope the bacterial flagellum is a 
long whip-like tail extending off the jelly bean-shaped 
bacterium (Figure 4.4). But it’s so much more. We now know 
that this whip-like flagellum functions as a motor, spinning 
many thousands of times per minute and moving the 
bacterium as a propeller moves a boat through the water. 


Similar to a man-made machine, the motor component of 
the flagellum has a drive shaft attached to a rotor that turns 
within a stator and is anchored by bushings. Unlike a boat 
motor, however, it’s fueled by hydrogen ions rather than 
gasoline. 


Using advanced electron microscopes, biologists have 
been able not only to see the flagellum but also to learn 
about the tiny parts of this remarkable nano-machine. We 
can see some of them in the sketch below (Figure 4.5). Keep 
in mind that the actual flagellum is even more sophisticated 
than this simplified drawing suggests. 





Figure 4.4. Electron micrograph of a bacterium. The large oval structure is 
the bacterium, and the long whip-like tail is the flagellum. 


What does the bacterial flagellum have to do with 
evolutionary theory? For modern Darwinism to be true, this 
remarkable nano-machine had to have evolved through 
“numerous, successive, slight modifications,” with no 
intelligence involved, only a _ series of small random 
mutations sifted by natural selection, over thousands or 
millions of generations. 


Each mutational step has to be small because the odds 
are too great to produce big mutational improvements in a 
single big leap. (This is the standard view of neo- 
Darwinists.) In the same way that you could never randomly 
dump a box of Scrabble letters onto the board and expect 
them to neatly spell out a completed game of interlocking 
English words, we cannot expect random genetic mutations 
to suddenly arrange DNA into the proper coding for the 
entire bacterial flagellum. No, taming the odds requires 
advancing in baby steps. 
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Figure 4.5. Depiction of the key components of the bacterial flagellar 
motor. 


In addition, each of these baby steps on the evolutionary 
pathway must be functional to provide a_ selective 
advantage and get passed on to the next generation. It’s 
not enough that the mutation will one day prove useful. 
Evolution doesn’t look ahead. Evolution is blind. That’s why 
the evolutionist Richard Dawkins called it “The Blind 
Watchmaker” in a book by that title. The process doesn’t 
look ahead and think, “Hmmm, wouldn’t it be handy for a 
bacterium to have a tail that can propel it. | think that over 
the course of many generations I'll locate and assemble a 
few dozen distinct, very specialized parts into a snazzy 
motor.” No, evolution doesn’t look ahead. It doesn’t think. 
There’s just a small random mutation in the DNA. Then the 
mutation either helps the organism or it doesn’t. And it 
either gets passed on to another generation or it doesn’t. 
Whether the mutation will one day be useful when 
assembled with various other possible mutations is of no 
concern to the evolutionary process. It doesn’t care about 
the future. All that matters to it is whether a new mutation 
helps with function then and there, with survival and 
reproduction. It’s blind to everything else. 


Because of this, evolution requires a series of tiny, 
functional steps from simpler ancestor to fully outfitted 
flagellar motor. But there doesn’t appear to be such a 
pathway to the bacterial flagellum. Instead, the evidence 
suggests that the entire structure must be present, with all 
the parts in place, for it to propel the bacterium. In this way 
it’s just like the mousetrap. If it only has some of its several 
essential parts, it doesn’t work as a flagellum. If one or more 
of these parts is a dud, or missing, the entire flagellum 
grinds to a halt. Or if all the parts are present and in good 
working order but haven’t been precisely arranged, again, 
the flagellum doesn’t work and instead just soaks up 
valuable resources from the bacterium, decreasing its 
likelihood for survival. 


But of course the bacterial flagellum does work. How did 
such a technological marvel arise? Supporters of modern 
evolutionary theory have tried to provide a story as to how a 
series of lucky coincidences could evolve such a system. 
One idea they proffer is what’s called co-option. That is, 
nature co-opts earlier simpler molecular machines on the 
way to creating the bacterial flagellum. This is a creative 
idea, to be sure, but even just in principle it faces a serious 
shortcoming. The parts on the simpler machines would have 
to be reworked to function in the bacterial flagellum and 
somehow all be fitted into place—just as a garage tinkerer 
would have to rework and carefully assemble scrap parts 
from old lawnmowers and such to build a motorized go-kart. 


Evolutionists have proposed one possible precursor 
machine for the bacterial flagellum, a needle complex 
known as the type IIl secretory system (TTSS). Did the TTSS 
help pave the evolutionary pathway to the _ bacterial 
flagellum? The notion has several problems, as Scott 
Minnich and Stephen Meyer explain: 


This argument seems only superficially plausible in light of some of the 
findings presented in this paper. First, if anything, TTSSs generate more 
complications than solutions to this question. As shown here, possessing 
multiple TTSSs causes interference. If not segregated one or both systems 
are lost. Additionally, the other thirty proteins in the flagellar motor (that are 
not present in the TTSS) are unique to the motor and are not found in any 
other living system. From whence, then, were these protein parts co-opted? 
Also, even if all the protein parts were somehow available to make a 
flagellar motor during the evolution of life, the parts would need to be 
assembled in the correct temporal sequence similar to the way an 
automobile is assembled in factory. Yet, to choreograph the assembly of the 
parts of the flagellar motor, present-day bacteria need an elaborate system 
of genetic instructions as well as many other protein machines to time the 
expression of those assembly instructions. Arguably, this system is itself 
irreducibly complex. In any case, the co-option argument tacitly 
presupposes the need for the very thing it seeks to explain—a functionally 
interdependent system of proteins. Finally, phylogenetic analyses of the 
gene sequences suggest that flagellar motor proteins arose first and those 
of the pump came later. In other words, if anything, the pump evolved from 


the motor, not the motor from the pump.2& 


Where does this leave us as regards the bacterial 
flagellum motor? So far, no one has proposed a reasonable 
step-by-step plan for how such a thing could have evolved. 
No one has even come close. So, as Behe notes, Darwin’s 
theory has been put to Darwin’s own test and failed. 


The bacterial flagellum isn’t alone, either. There are 
numerous complex systems for which no one has come 
even close to showing how they could have evolved through 
a series of slight, Successive modifications. Indeed, 
evolutionists have not succeeded in providing a detailed, 
workable evolutionary pathway for any irreducibly complex 
biological system. Not one. 


Hypothetical stories starved of evidence or detail are not 
adequate. Without a reasonable explanation for how such 
systems could have gradually evolved through purely 
natural mechanisms, modern evolutionary theory fails to 
explain a very significant part of what we see in biology and, 
indeed, fails one of its most basic tests. 


Irreducible Complexity in Our Own Bodies 


Let's Move from tiny biological machines to large-scale 
systems in the human body that display irreducible 
complexity—in particular, the systems for transporting 
blood and carrying oxygen to the tissues. Such work 
requires the coordination of multiple structures and 
subsystems, all with extremely fine-tuned specifications. We 
need a heart and a series of blood vessels, making up the 
cardiovascular system. And we need lungs, airways, and 
muscles to bring air into the body—the respiratory system. 
The cardiovascular system’s many essential parts must be 
in the correct location and arrangement for the system to 
work, and to get oxygen to the tissues it must perform an 
exquisitely complex dance with the respiratory system, 
which also needs its many essential parts in place. 


There actually are many other subsystems that must be 
in place and working with these, but here we will focus on 
these two systems. They are crucial because the cells of 
your body need oxygen to keep them alive and 
functioning.?/ 


The respiratory system contains lungs and airways as 
well as important muscles, including the diaphragm. When 
the diaphragm contracts, air is pulled into the lungs through 
the airways. The lungs, the airways, and the muscles must 
all work together for the respiratory system to function. But 
once the air enters the lungs, nothing would happen if 
oxygen couldn’t get into the bloodstream. So there needs to 
be a precisely structured interface between the respiratory 
system and the cardiovascular system. Each system needs 
the other. 


The tiny grape-like sacs in the lungs that receive air are 
called alveoli or alveolar sacs. The tiny blood vessels 
surrounding these sacs are called pulmonary capillaries. 
When blood first enters the lungs, it is low in oxygen and 
bluish in color. After absorbing oxygen, the blood turns red. 


Together the alveolar sacs and capillaries form the 
interface by which the oxygen gets from the airways into 
the bloodstream. The walls of the alveoli and the walls of 
the capillaries have to be close together and incredibly thin 
for oxygen to diffuse efficiently. And there have to be a 
sufficient number of alveoli and capillaries for enough 
oxygen to diffuse. All these must be very precisely 
structured to work. 
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Figure 4.6. A highly simplified drawing of alveolar sacs and pulmonary 
capillaries. 


Oxygen’s Beast of Burden 


YET EVEN with a complete cardiovascular system, a complete 
respiratory system, and a complete interface between them, 
there would still not be enough oxygen carried to the 
tissues. Why not? Because oxygen has very low solubility in 
the blood fluid (plasma), so the blood would not be able to 
absorb and transport sufficient oxygen to keep us alive. To 
get enough oxygen to the cells we need almost fifty times 
the amount of oxygen that naturally dissolves in the plasma. 


This is a challenging biological engineering problem. 
What are the options for solving this problem? One option 
would be to enlarge each of these systems to absorb and 
carry more oxygen. Unfortunately, this would create a new 
problem because each part would have to be many times 
bigger. The heart would be bigger than the chest. And the 
lungs would be even larger. And where would all the blood 
vessels and the airways be located? There would not be 
enough room. Enlarged systems would not work. There 
needs to be a way to get fifty times more oxygen to dissolve 
in the blood without substantially enlarging the heart, lungs, 


and blood vessels. Even the smartest chemist might be 
stumped by this problem. 


How was the problem solved? The answer is in a 
molecule called hemoglobin. 


Hemoglobin is a protein and, as are all proteins, it is 
coded for with a twenty-character alphabet of amino acids. 
The comparison to language is illuminating but also in need 
of qualification. Amino acids may _ not function by 
symbolizing something else, in the way human words do, 
but are more akin to precisely specified parts in a 
sophisticated machine component. However, they are 
identical to software or text in English, in the sense that the 
choice and order of the “letters” are crucial. 


Hemoglobin has 574 amino acids contained within four 
chains. As the letters in this paragraph are precisely 
selected and ordered to communicate information about 
hemoglobin, so the various amino acids are ordered within 
hemoglobin’s four chains to give the molecule exactly the 
right shape and function. Hemoglobin, similar to thousands 
of other proteins, is an extremely complex and amazingly 
constructed entity, fine-tuned to carry out a crucial function. 
One molecule of hemoglobin can bind four oxygen 
molecules, hold onto them, and release them where and 
when they are needed. As many as 280 million hemoglobin 
molecules are found within one red blood cell.!® There are 
about five trillion red blood cells per liter of blood, and 
approximately five liters of blood in the average adult 
human. By binding four oxygen molecules to each 
hemoglobin molecule, and by having so many hemoglobin 
molecules in a red blood cell, and so many cells in our 
blood, we are able to deliver enough oxygen to our tissues 
to stay alive.!9 

And proteins, keep in mind, often have very limited 
tolerance for error in their sequence of amino acids, with 
random mutations usually leading to diminished or lost 


function. Indeed, there is growing laboratory evidence that 
the specific and highly improbable sequence of amino acids 
that code for a particular fold (functional shape) of a protein 
can only tolerate a few alterations before losing function. 
For instance, one study reported on in The Journal of 
Molecular Biology made the case that if left to chance, the 
odds of a protein 153 amino acids in length having just the 
right sequence to fold and perform a specific function is 
about 1 in 1077.29 That’s one chance in 1 followed by 77 
zeroes. (More on those findings below.) 


Putting It All Together 


THE CARDIOVASCULAR system is an exquisitely orchestrated 
marvel, but unlike a marvelous orchestra, it is not merely 
diminished by the absence of one of its instruments—one of 
its subsystems. Instead, it would cease to work altogether. 
We need all of them present, all of them working, and all of 
them carefully coordinated to get oxygen in _ sufficient 
amounts to the numerous parts of our body. 


No one has ever been able to offer a detailed account of 
how the cardiovascular system could have’ gradually 
evolved through blind natural forces. But even if a fully 
functional cardiovascular system could some-how have 
evolved in this way, it would still not be enough. Remember 
Darwin’s challenge: “If it could be demonstrated that any 
complex organ existed which could not possibly have been 
formed by numerous, successive, slight, modifications, my 
theory would absolutely break down.” What applies to a 
single organ applies equally to a system of interdependent 
organs, ones that cannot survive and function without the 
others. The system for providing oxygen to our cells requires 
the cardiovascular system with all its many essential parts, 
the respiratory system with all its many essential parts, the 
precisely structured interface between them, and the 
hemoglobin molecule with its special binding properties to 
be able to carry oxygen molecules in sufficient numbers. 


None of these systems and subsystems are optional. 
Without all of them in place at the same time, we wouldn’t 
be alive. So nature cannot evolve a few of the parts or 
Subsystems at a time and wait around for countless 
generations while some of the other parts and subsystems 
evolve and come on line. Nature can’t even wait around a 
single generation. It’s do or die. Evolution, in this case, 
would need to proceed not by tiny steps but in a gargantuan 
creative leap, like dumping boxes and boxes of Scrabble 


letters on a table and somehow they spell out a series of 
interlocking English words that, in turn, spell out the 
unfolding sentences of an exquisitely ordered script for a 
multi-act play. There are less complex 
cardiovascular/respiratory systems in the biosphere, of 
course, but these have their own internal logic, and no one 
has been able to offer a detailed, functional evolutionary 
pathway moving from these relatively simpler systems 
(though still almost unimaginably sophisticated by human 
engineering standards) to a= cardiovascular/respiratory 
system such as we possess. 


Neutral Evolution 


IN THE face of the irreducible complexity challenge, 
evolutionists have proposed other scenarios (in addition to 
the idea of co-option discussed above) to explain how such 
complex systems might have arisen by undirected, 
accidental processes. For example, some have argued that 
neutral evolution might help explain the origin of new 
biological functions. In simple terms, neutral evolution is 
based on the observation that some mutations in DNA are 
neither harmful nor helpful, but are neutral and don’t seem 
to impact the organism in a significant way. As a result, 
natural selection would neither weed out nor select for 
these neutral mutations and, proponents claim, the 
mutations could continue to accumulate until at some later 
point they happen to join together in a lucky way to 
positively help the organism. 


One of the most popular suggestions is that perhaps a 
gene could have been duplicated and one of the copies was 
“experimented on” through random neutral mutations while 
the other copy maintained the original function required for 
the organism to survive. Presumably the new copy would 
eventually acquire the more complex functional role and the 
old copy could then be eliminated.2! It’s certainly an 


interesting idea, but some problems with it have been 
identified: 
1. Any step-by-step scenario that has been proposed is 
completely imaginary. The evidence is lacking to 
support the step-by-step evolution of the new system. 


2. Neutral evolution avoids the problem of a given DNA 
sequence having to be functional at every step, but at 
a steep price. Now the process must build without 
natural selection to preserve beneficial changes. 
There is nothing in neutral evolution to lock in 
mutations that are building toward the completed 
sequence required by the system or subsystem in 
question. Remember, neutral evolution is said to 
happen where fitness considerations are mostly 
ignored, particularly as regards potentially helpful 
mutations. As a result, neutral evolution abandons 
natural selection in favor of random outcomes, i.e., 
luck. Yet chance is a poor candidate for building the 
kinds of irreducibly complex systems’ found 
throughout biology. As the required number of units in 
a sequence grows, the odds against it happening by 
chance’ quickly grow’ astronomical, becoming 
essentially impossible long before the sequence is 
long enough to code for a functional system. So 
although neutral mutations might accumulate in an 
organism’s DNA over time, those neutral mutations do 
not explain how new and sophisticated biological 
features arose. 


3. There is a high energy cost for an organism to 
experiment with something that does not immediately 
produce a benefit. Evidence exists showing that some 
organisms will be quick to inactivate genes that have 
no adaptive/selective advantage. 22 


Like a Weasel 


A PROPONENT Of evolutionary theory might concede that this 
or that evolutionary scenario may have its shortcomings, 
but argue that at least we know that random point 
mutations in DNA can do impressive things at the level of 
individual genes and proteins. If that’s the case, then surely 
evolution can gradually accumulate new lines of functional 
genetic code and, with those, new functions, features, 
organs, species, and ultimately, even whole new body plans. 
Let’s consider the first half of this claim, since if modern 
evolutionary theory should work anywhere, it should be at 
the modest level of genes and individual proteins. 


In the dance of molecular biological life, there are many 
different kinds of genes and many different kinds of 
proteins. In simplified terms, leaving RNA aside for now, 
let’s assume that a gene is a stretch of DNA that can code 
for a given kind of protein.22 The information content in DNA 
is based on the arrangement of the four letters (bases) in 
DNA. The letters are held in place by other molecules and 
organized into a special spiral called a double helix. The 
arrangement of the bases in DNA is comparable to the 
arrangement of letters in the sentences and paragraphs of 
this book, except that in the case of the English language 
there are twenty-six letters, while in DNA there are four 
letters (bases), typically abbreviated as A, T, G, and C. In 
both cases, it is the specific order of these letters that 
provides meaning or function. It isn’t enough just to have all 
these DNA letters piled in. To function they have to be ina 
particular, functional sequence, in the same way that the 
letters of the sentences in an instruction manual have to be 
in some particular order to have meaning. 

What is crucial about the information found in DNA? It is 
involved in specifying the arrangement or sequence of 
amino acids found in proteins, which were discussed a little 


earlier. Again, there are twenty different amino acids used in 
the synthesis of proteins. Connecting what was already said 
about proteins with DNA, the four-character alphabet found 
in DNA codes for the twenty-character amino acid alphabet. 
For instance, the hemoglobin molecule discussed above, 
which has 574 amino acids, has to have the right amino acid 
letters in the right order so that it will fold and function 
properly. The correct amino acid placed in the proper 
sequence depends, in part, on genes, and the information in 
the genes is based upon the ordering of the four DNA letters 
—A,T, G, and C. 

In the previous century scientists deciphered the genetic 
code so that we now know how the cell takes the 
information in DNA (the sequence of the bases) and 
transforms it into a sequence of amino acids in proteins. The 
process is quite complicated.24 But the main thing to know 
for our purposes here is that it is very precise. If the wrong 
base is inserted in the DNA, that mutational error can be 
passed on to the protein in the form of a mistaken amino 
acid. Just like a misspelling in a word, a genetic mutation 
can make a difference. A mistaken amino acid in a protein 
might cause the protein to fold incorrectly and not work as 
well, or at all. 


Consider an illustration from human language. Let’s take 
the simple sentence, “Methinks it is like a weasel,” from 
Shakespeare’s play Hamlet. What if it was mistakenly typed 
out as “Methinks it is like a weakel”? The final word in the 
sentence is no longer an English word. The sentence no 
longer makes sense. It’s dysfunctional. In a similar way, we 
know that mutations can often cause serious problems for 
living organisms. For example, researchers have identified 
mutations in a protein involved in fruit fly reproduction that 
lead to a loss of proper function and, ultimately, premature 
death at either the pupal or larval stage. Several of these 
fatal results are caused by a single point mutation—the 


change of a_ single nucleotide “letter” in the DNA 
sequence.2° 


So it would seem obvious that mistakes are bad, right? 
Oddly, proponents of evolution believe that these same 
mistakes are the raw materials of evolutionary progress. At 
the most basic level they propose that these mistakes can 
lead to improvements in the protein. 


Now, based on our everyday experience we might 
conclude that enormous ingenuity and forethought are 
required to build something like our oxygen transport 
system. Yet, according to evolutionary theory, it is all due to 
a series of useful mutational accidents in our DNA. 


This is an extraordinary claim, but rather than dismiss it 
out of hand, we should see if there is any evidence that 
would count decisively in its favor. As it turns out, any such 
evidence is lacking, despite an extremely well-funded and 
assiduous effort by numerous scientists around the globe 
over several decades. There remains no detailed road map 
of how genetic mutations could lead to significant 
improvement and innovation. There is no documentation of 
these types of improvements in a step-by-step manner.2® In 
the absence of such evidence a healthy skepticism is well 
warranted. 


Supporters of modern evolutionary theory point to a few 
examples of proteins which, when damaged, provide an 
advantage under unique conditions. The few such examples 
that have been discovered, however, tend to be double- 
edged swords. For instance, a mistake in a protein might 
allow an organism to resist a particular disease, but that 
Same damaged protein will generally not work as well in its 
normal function.27 

One researcher, Douglas Axe, who worked in a lab at 
Cambridge, in England, calculated that the odds of 
producing a specific protein of 153 amino acids by chance 


are, as noted above, 1 in 10’” (that is 1 out of 1 followed by 
77 zeros). To get any functional sequence of that length, the 
odds aren’t much better, about 1 in 10’*. For every one 
functional sequence of that length, there are an enormously 
large number of gibberish sequences,2® an enormous ocean 
of gibberish to swim around in hoping to randomly bump 
into the ultra-rare functional sequence that codes for a 
functional protein fold. 


It’s SO enormous we need an illustration to even begin to 
get our minds around it. Our galaxy has roughly a hundred 
billion stars in it, and about 10°” atoms, so your odds are far 
better of picking the single winning atom, blindfolded and at 
random, from all the atoms in the Milky Way, than of nature 
stumbling by chance upon a single new functional protein 
fold from scratch.29 


Also, in order to produce significant biological change, 
evolution has to stumble upon numerous functional protein 
sequences. And, in many cases, multiple proteins would 
have been required to work in coordination with each other 
to produce any biological function that could be subject to 
natural selection, such as the many protein complexes and 
molecular machines found throughout biology. Thus, even if 
Axe’s experiment-based estimate is off by many orders of 
magnitude, the essential challenge to the Darwinian story 
remains: the odds of repeatedly stumbling upon functional 
changes and new forms amidst a sea of nonfunctional 
possibilities appear to be vanishingly small. 


Inertia 


WITH SUCH evidence against modern evolutionary theory, why 
do its proponents still hold to it? Answering such a question 
is, of course, largely conjectural, and motivations are 
unlikely to be exactly the same among even any two 
scientists, much less among all proponents of evolutionary 
theory. But speaking broadly, science is a thoroughly human 
enterprise, and human foibles get in the mix. Historians and 
philosophers of science have thoroughly documented that 
scientists, even highly successful ones, have tended to cling 
to their long-favored theories even in the face of mounting 
contrary evidence. As it has been said, change in science 
tends to come one funeral at a time.2° This is especially the 
case in origins science where one is often dealing with 
inferences about unrepeatable past events rather than with 
a Straightforward experiment that can be replicated in the 
lab. And it’s even more the case when the theory in 
question, evolution, is regarded by some of its proponents 
as crucial for underwriting their worldview, namely the idea 
that there is no creator and that reality is ultimately nothing 
more than matter and energy. 


So how do evolutionary theorists justify their support for 
the theory in the face of so much uncooperative evidence? 
Those among their number who acknowledge the problems 
raised above say they just need more time, that we should 
accept the theory of evolution while science searches for 
the missing evidence—that to do otherwise is “giving up on 
science.” 


It’s understandable how they might feel this way, but it’s 
not giving up on science; it’s abandoning modern Darwinism 
—or more precisely, the idea that some cluster of purely 
blind evolutionary mechanisms could produce all the 
diversity of life we find around us. It’s refusing to let a 
paradigm trump evidence. By all means, origins biology 


Should continue to pursue promising research, including 
research into what evolutionary mechanisms can and 
cannot accomplish. But that is no justification to cling to an 
inference that has proven wholly inadequate to explain the 
origin of fundamentally new forms and information. 


Uncommon Descent 


RECALL THAT modern evolutionary theory holds that life began 
with a single-celled organism that in turn evolved into other 
new forms, and so on until we get to the diversity of living 
forms we see around us. The idea is commonly illustrated by 
a gradually branching tree of life. But which forms branched 
from which ancestors? What did cats evolve from? Are bears 
and cats closely related? Distantly related? What did turtles 
evolve from? What about whales? You see, even if one 
assumes common descent of all living things, there remain 
thousands of questions about where particular species 
belong on the evolutionary tree of life. In trying to fill in 
these details, scientists use living and fossil forms, and they 
look for similar features across forms. The features used for 
comparison may be genetic, biochemical, or morphological. 


They also make an assumption, namely that similarities 
often show evolutionary kinship. One could remain open to 
the possibility that a given similarity between two separate 
living forms was based on intentional design, in the same 
way that, for instance, wheels are found on many different 
kinds of vehicles, not because one evolved into the other 
but because wheels are a useful design strategy in a wide 
variety of contexts. But modern Darwinists rule the design 
possibility out of court and insist that similarities among 
different living forms cannot be explained as a common 
design strategy. 


As a point of clarification, evolutionists do not assume 
that every similarity between species is due to a common 
ancestor that possessed that feature. Evolutionists make 
exceptions for what they call convergent evolution. These 
are cases where it is believed that the evolutionary process 
invented the common feature in question more than once in 
the history of life; for instance, the similar body forms of fish 
and dolphins, which are claimed to have evolved separately. 


But generally, similarities are assumed to be caused by a 
Shared ancestor that possessed the trait in question. And 
roughly speaking, the more similar two species are, the 
more recently their shared ancestor is thought to have lived. 
So, for instance, the most recent shared ancestor of bobcats 
and African lions is thought to have lived much more 
recently than the most recent shared ancestor of lions and 
bears. 


The data sets for constructing an evolutionary tree are by 
their nature incomplete and subject to interpretation. That 
by itself isn’t a fatal weakness in the argument for common 
descent by unguided evolution. There is, however, 
something that may be: radically different and contradictory 
evolutionary trees can be generated depending on which 
data sets are used. 


When evolutionists construct evolutionary trees using the 
forms (the morphologies) of plants, animals, and microbes 
they end up with something quite different from what 
results when they construct an evolutionary tree based on 
comparisons of DNA sequences. Even the various trees 
based on DNA sequences often conflict with each other. Our 
genomes are huge and complicated, and to make the task 
of comparing things manageable, evolutionary biologists 
focus on one particular area of the genome and compare 
that part across different species. So one_ genetic 
evolutionary tree will be based on one part of the genome. 
A second on another. A third one on another. And so on. 
Each produces its own evolutionary tree, and these trees 
can contradict one another, often dramatically so. 


Although many proponents of evolution still hold out 
hope of finding a consistent tree of life, that now seems 
unlikely. The trees are proliferating rather than beginning to 
converge on a single true tree of life.2! To take just one 
dramatic example of the problem, and as bioengineer Matti 
Leisola and his co-author Jonathan Witt have noted, a 2013 


paper published in the_ prestigious journal WNature 
“highlighted the extent of the problem. The authors 
compared 1,070 genes in twenty different yeasts and got 
1,070 different trees.”>2 


What are we to make of this proliferation of conflicting 
trees? If all life does indeed share a common ancestor, there 
is one and only one actual evolutionary tree. It’s reasonable 
to see some conflict as scientists try to build ever more 
accurate means of discovering what the actual branching 
history of evolution was, but if evolutionary theory is true, 
we shouldn’t expect to find this ever-expanding forest of 
conflicting trees. Such a trend makes better sense if the 
many diverse forms of life are not in fact related by common 
ancestry, but instead by common design. They could simply 
Share some common design features because they made 
good design sense to their maker, much as cars, planes, 
and bicycles share many common design features even 
though none evolved blindly from the other. 


Notice, by the way, that one doesn’t have to take an 
extreme position here. It could be that intelligent design 
explains many of the recurring design themes we find in 
biology across different species, and that common ancestry 
explains commonalities among closely related species— the 
cat family, for example. That is, maybe all of the different 
cat varieties we find on Earth did in fact all descend from a 
single cat ancestor. But the evolution of all life from a single 
common ancestor through mindless natural processes? The 
comparative data cast a reasonable doubt on that idea.32 


Final Thoughts 


WHEN we think about all the complicated structures found in 
living organisms, it boggles the mind. Many of these 
structures possess numerous essential parts, all of which 
must be present and in place for the system to function. 
This is Known as irreducible complexity. In addition, many of 
these systems must work together with other irreducibly 
complex systems for the organism to survive—an irreducibly 
complex system of irreducibly complex systems. Not only 
are these coordinated systems consistent with intelligence, 
but their incredible sophistication also displays a level of 
genius that far exceeds that of the most brilliant team of 
human engineers alive. There is good evidence to conclude 
that unguided processes like those of Darwinian evolution 
could not produce even a small portion of one of these 
systems, let alone all of them in their complete and 
coordinated form. 


Some have attempted to refute irreducible complexity by 
calling upon hypothetical processes like co-option or neutral 
evolution, or by pointing to some similarities between 
biological systems, but none of these responses identify a 
cause adequate to produce fundamentally new biological 
forms and information. 


Others simply dismiss the problems. They say either that 
they have other evidence for evolution, or that evolutionists 
will eventually figure things out. Certainly science 
progresses slowly at times and patience is called for in the 
stately march of progress, but science often progresses by 
accumulating evidence against a reigning theory until the 
only reasonable strategy is to look for an alternative 
explanation that better fits the evidence. 


Supporters of the modern form of Darwin’s theory of 
evolution, neo-Darwinism, hold that natural selection acting 


on accidental genetic mutations can work creative marvels. 
But random mutations are, by and large, either neutral 
(having no observable effect) or damaging. The only caveat 
is that some damaging mutations do create niche 
advantages. Fascinating stuff, but it isn’t evidence for blind 
evolution building novel forms and information. It’s further 
evidence that the mutation/selection mechanism is, on its 
best days, capable only of very modest, degradative 
variations, like ripping the top off a sedan to create a 
makeshift convertible. 


Those evolutionists who recognize the limitations of the 
mutation/ selection mechanism may still hold to evolution 
because of the evidence they see for common descent. But 
common descent is weaker than many suppose. The 
possession of common features in disparate species is only 
a strong argument for common descent if common design is 
ruled out of court from the beginning, prior to a 
consideration of the evidence. And the evolutionary tree of 
life that Darwin proposed remains curiously elusive, with 
various proposed trees jostling for the throne and many 
contradicting the others. 


We are told that mainstream scientists overwhelmingly 
embrace modern evolutionary theory. But the truth of a 
scientific theory is not determined by majority vote. And 
indeed, the history of science is littered with now-discarded 
theories that were for a time held by the vast majority of 
scientists in the given field. Also, there are more than a few 
scientific dissenters from the theory, some of whom work, or 
have worked, at well-regarded and even prestigious 
scientific institutions, and who themselves have impressive 
records of scientific accomplishment.34 


Given the growing challenges to modern evolutionary 
theory, perhaps it is time to put intelligent design back on 
the table of possible explanations and simply follow the 
evidence where it leads. It may well provide a new way 


forward toward a better understanding of the remarkable 
biological systems at the heart of life. 


Review: Your Turn 


1. 


What are some different meanings of the term 
evolution? 


. What evidence, if true, did Darwin acknowledge would 


seriously undermine his theory? 


. What is irreducible complexity? What is an example 


from the non-living world? What are some possible 
examples from biological organisms? 


. Even if we have a complete cardiovascular system, a 


complete respiratory system, and an_ interface 
between the two, what else is needed to ensure that 
sufficient oxygen is supplied to the body? 


. How have supporters of modern Darwinism tried to 


respond to evidence-based criticisms of the theory? 


. What are some of the evidential challenges to the idea 


of common descent? 


5. BIOLOGY’S BIG BANG: 
THE CAMBRIAN EXPLOSION 


Paul K. Chien 


By NOW MANY PEOPLE HAVE HEARD OF THE TERMS “Animal Big Bang” 
or “Cambrian Explosion.” These terms refer to the sudden, 
virtually simultaneous appearance of most of the major 
animal groups in the early part of the Cambrian period 
about 530 million years ago. Many people’s first exposure to 
the concept came from the cover of Time magazine in 
December 1995. Boldly printed across the cover were the 
words “Evolution’s Big Bang.” The subtitle read, “New 
discoveries show that life as we know it began in an 
amazing biological frenzy that changed the planet almost 
overnight.” 


Evolution, according to mainstream theory, should be a 
Slow, gradual process involving millions of accidental 
mutations and intermediate steps over a myriad of 
generations. How could terms such as “big bang,” 
“explosion” and “amazing biological frenzy” describe such a 
plodding process? For many, both inside and outside the 
community of evolutionary scientists, it has sounded like a 
contradiction in terms. 


Shortly after | saw the Time magazine cover story, a 
friend alerted me to two related articles in an official 
Chinese paper, People’s Daily. One was entitled “Chengjiang 
Fossils Challenge Evolution” and used the term “Cambrian 
Explosion of Life.” It was about an exciting Cambrian fossil 
find in Chengjiang County in Yunnan Province, located in 
southwestern China. The marine fossils there are so 


astonishingly well preserved that the location has been 
designated a World Heritage Site by the United Nations 
Educational, Scientific and Cultural Organization (UNESCO). 
The other article concluded that further study of these 
extraordinary marine fossils could prove a serious blow to 
traditional Darwinian theory. 


| myself am Chinese, so now | was doubly intrigued. 
There was also this: the Cambrian fossils were marine 
fossils, and | am a professor of marine biology, so it’s not 
hard to imagine how eager | was to study these Chengjiang 
fossils, firsthand if possible. 


Body Plan Bonanza 


ONE REMARKABLE thing about the Cambrian explosion 
generally, and the Chengjiang fossil find specifically, is the 
extraordinary diversity of animal forms. To convey what | 
mean exactly, | need to unpack the concept of body plans. 


| taught marine biology at the University of San Francisco 
for some forty years, where | remain an emeritus professor; 
and one of my students’ favorite off-campus activities was 
exploring tide pools along the rocky shores of the Pacific 
Ocean. At low tide, a multitude of intertidal animals were 
exposed, allowing my students to learn firsthand where the 
animals lived, what they ate, how they are adapted to their 
particular environment, how they reproduced, what their 
role was in the community, and much more. But before 
learning all that, my students were required to identify the 
animals by their scientific names: genus and species. For 
example, the scientific name of the most common California 
hermit crab is Pagurus samuelis. For some students, 
identifying the animals was a difficult task. Many closely 
related species look alike, especially in field conditions 
without the help of microscopes and without being able to 
dissect the specimens or use a proper reference key. But 
most students had little difficulty determining which major 
group each animal belonged to, even at first glance. 


Why? Because these major groupings were based on 
highly distinct body plans, and the body plans were 
dramatically distinct one from another. Even when the 
students found a new animal they had never seen before, 
they could easily tell to which major group it belonged. 

In scientific terms, these distinct animal body plan 
groupings are known as phyla. The division between phyla is 
highly distinct, and there are few, if any, intermediates 
between phyla. For example, the clams and mussels belong 


to the phylum Mollusca; the crabs and shrimp are grouped 
into the phylum Arthropoda; and most of the worms my 
students and | saw were in the phylum Annelida. To give you 
a sense of how broad and basic a phylum category can be, 
all mammals belong to the phylum Chordata, as do fish, 
amphibians, reptiles, birds, sea squirts, and lancelets. There 
is tremendous variety in there, but there are body plans so 
distinct from these body plans that they belong in a 
different phylum from Chordata, while the Chordata, for all 
their astonishing diversity, belong in the same phylum, due 
to the fact that they share certain very basic architectural 
features. 


There are dozens of phyla, and according to standard 
evolutionary theory, these dramatically distinct body plans 
arose through a series of gradual changes over numerous 
generations, initially with only one ancestral species of a 
single phylum, slowly diversifying into two and then more. 
This process is understood as gradual and slow, one small 
mutational step at a time. 


According to traditional evolutionary theory, all of biology 
started from an ill-defined single form called the last 
universal common ancestor, which evolved into two, then 
into more and more through time in a branching tree 
pattern as shown in many textbooks and museums. 
According to this model, the new forms develop from the 
bottom up, so to speak: one species evolves into two 
species... then a new genus... then a new family... and 
eventually there is enough difference among some of the 
forms that it makes sense to identify distinct phyla. Small 
differences followed by bigger differences followed by 
differences so large that there now exist forms with 
completely distinct body plans. 

However, the pattern of the fossil record reported in Time 
magazine, the People’s Daily, and later by others showed a 
pattern completely different from that of a slowly branching 


tree. According to present estimates, twenty of the thirty- 
three still living metazoan phyla, including seventeen of the 
twenty-seven living bilaterian animal phyla, appeared 
relatively suddenly in many places around the world during 
the Cambrian period—thus the labels “Cambrian Explosion” 
and “Animal Big Bang.” 


People’s Daily mentioned that the rich fossil site in 
Chengjiang County was readily accessible from the city of 
Kunming in southwest China. Immediately | thought to 
myself how wonderful it would be to visit the fossil site 
someday and find out all about this enigmatic event. If | 
could, | would share the facts with my students and friends. 


It was purely a passing thought. | doubted the Chinese 
government would grant an American access to the site, a 
crown jewel among the world’s fossil sites, so | never 
believed for a minute that this dream could come true—and 
SO soon. 


Heading to the Field 


LESS THAN a month later, out of the blue, | was surprised and 
privileged to be asked to organize an international team of 
scholars to visit the fossil site and meet with the 
paleontologists who had made the big discovery. It turned 
out that these fossil experts were based at the Chinese 
Academy of Sciences in Nanjing, in the eastern part of the 
country and far from the fossil site. For me to organize such 
a complex group trip to Nanjing in eastern China and 
Chengjiang in western China proved a daunting task, even 
though | had several years of experience traveling in China 
on my own to teach biology in summer schools. 
International academic exchanges with China at this scale 
were not a common occurrence. However, with the 
generous help of many people and, later, the full 
cooperation of the Chinese scholars and the government, 
we made all the connections, solved all the financial issues, 
obtained all the necessary approvals, and waded through all 
the red tape, mostly by snail mail. Five months after the 
invitation, our team arrived. 





Figure 5.1. Author Paul Chien in front of Maotian Shan (Mt. of Heavenly Hat) 
near Chengjiang, China, during a later visit. 


Our group included Professor James Valentine from the 
University of California at Berkeley, and W. Y. Leung, chair of 
the Communication Department at the Chinese University of 
Hong Kong. Professor Leung also convinced a famous 
television director from Hong Kong to bring a small film crew 
along to record the visit. It was the first television team 
outside of China to film the Chengjiang site. At that time, 
bringing in specialized camera equipment and filming in 
China required very special permission. Looking back, it 
seemed like a miracle, and | still wonder how so many 
closed doors were opened for us one after another, and in 
such a timely fashion. 


First stop on our trip was Nanjing. At the Chinese 
Academy of Sciences there, we received a very warm 
welcome from the director, and met many scientists working 
in related fields. We also visited the labs of two principal 
investigators, where we got our first glimpse of the oldest, 
and extremely well-preserved, marine animal fossils of 
many different phyla. These creatures already exhibit 
bilateral symmetry, differentiated appendages and digestive 
tracts, and well-developed brains, as well as eyes. Valentine 
noted how the phyla and classes were fully developed when 
they first appeared in the Cambrian. 


During this visit, the Chinese Academy of Sciences also 
arranged a full-day symposium about the fossils. In the 
morning, we heard talks from major researchers in the field, 
followed by a question-and-answer period. In the afternoon 
we were given a lot of time to exchange information and 
ideas about the explosion. Most interesting to me was the 
discussion on the possible causes of the sudden concurrent 
appearance of so many different animal body plans. 
Everyone seemed to agree that the explosive appearance of 
SO many phyla without apparent ancestors contradicted the 


classic Darwinian model, both its original nineteenth-century 
form and the updated neo-Darwinian model developed in 
the wake of the twentieth-century revolution in genetics and 
molecular biology. The scientists and scholars realized that 
random genetic mutations acted upon by natural selection 
were not capable of generating so many disparate groups of 
animals in the short time available. 


There was some disagreement on how long the Cambrian 
explosion took. The commonly cited time period in the 
literature is 20-30 million years, but some of the Chinese 
researchers seemed to think that the main thrust of the 
explosion took only 1-3 million years. The yellow shale 
layers containing most of the phyla were not very thick at 
all. Still others tried to explain away the seeming 
suddenness of the event. In any case, even assuming the 
wider window of time, and even though this seems like a 
long time to us, from the perspective of geology it is quite 
sudden for producing so many new phyla. The traditional 
Darwinian story simply did not fit with the fossil record, and 
new ideas and explanations were needed. 


One of the Chinese scholars who spoke offered the 
common, still debated, idea that a sudden increase in the 
oxygen level in the ocean caused the explosion. Others 
theorized that perhaps the accumulation of nutrients in the 
ocean at that time, or shortly before, might have triggered 
bacterial and algal blooms that would in turn be a food 
source to feed a rapid development of animals. But while 
interesting, these explanations focus on necessary 
conditions for the Cambrian explosion (oxygen and a 
nutrient source), but do not offer a sufficient cause for the 
sudden emergence of all these animal body plans. It would 
be like claiming that because birds fly in the air, the 
existence of the Earth’s atmosphere somehow caused birds 
to appear. Such explanations just don’t make sense logically 
or practically. 


A visitor to the meeting suggested another explanatory 
avenue: we could start comparing Hox genes in different 
animal groups. Similar Hox genes exist in many different 
species, and they help control the development of embryos. 
Slight changes in the Hox genes might have quickly given 
rise to different body plans, it was suggested. This was a 
new idea to many paleontologists at that time and seemed 
interesting, but where did the Hox genes come from in the 
first place? Later we learned that Hox genes often function 
as on/off switches of other coding genes or specify the 
positioning of various biological structures, but do not 
themselves transmit all the required biological information 
about body plans. 


One scholar suggested that evolution might be a 
combination of chance and necessity working together, in 
that once a new body plan got established by chance, then 
by necessity it would radiate into different forms within the 
same body plan in the new environment. For example, when 
arthropods first showed up in the Cambrian period, a large 
number and variety of slightly different forms of arthropods 
immediately followed. However, arthropods seemed to be 
the only example; other phyla did not follow this pattern. 
Also, at best it would explain the rapid emergence of 
diversity within a phylum, not the sudden origin of so many 
distinct phyla in the first place. 


The punctuated equilibrium model proffered by Stephen 
J. Gould and Niles Eldredge was brought up. On this model, 
species generally remain stable, showing little or no change 
over time in the fossil record, but when change occurs, it 
occurs rapidly in rare and isolated locations, leaving little 
record of the change in the fossil record. Punctuated 
equilibrium was based on the observation that species 
appear suddenly in the fossil record, but it does not provide 
an explanation of how the many body plans of the Cambrian 
could actually have arisen in the time available. 


Thus it is that Sean B. Carroll, a mainstream evolutionary 
developmental biologist firmly committed to modern 
evolutionary theory, can state confidently, “The explosion of 
animal diversity in the Cambrian is one of the most 
important and compelling mysteries in the history of life.” 
And he writes this in an endorsement of a relatively recent 
book on the Cambrian explosion widely regarded as a 
benchmark in the field and one that also emphasizes the 
persistent mystery of the dramatic transition from 
Precambrian sponges to the world of the Cambrian with its 
riot of animal body plans. 


In that book, The Cambrian Explosion, authors Douglas 
Erwin and James Valentine remain committed to searching 
out a purely material evolutionary account of the Cambrian 
explosion, and yet they insist that this singular event in the 
history of life remains marked by important “unresolved 
questions,” and they call the transition from sponges to the 
creatures of the Cambrian “the most enigmatic of any 
evolutionary transition in metazoans.”2 


The point is central enough that Christopher J. Lowe 
highlights it in his review of the book in the journal Science. 
“The grand puzzle of the Cambrian explosion surely must 
rank as one of the most important outstanding mysteries in 
evolutionary biology,” he writes.? 


Over the course of the symposium there was plenty of 
speculation, but no answers. The central question is what 
produced all those new body plans in a short period of time. 
No one seemed to have a good answer, and it felt like there 
was little progress. But | wasn’t discouraged, because it 
struck me that here in a thoroughly academic setting the 
Cambrian event was being openly recognized as a unique 
“explosion” and a serious challenge to modern Darwinian 
theory, which was a big step forward for intellectual 
freedom of inquiry. Then, too, | knew that studies in 


Chengjiang had just begun; there was much to be learned 
and more data yet to be collected. 


Chengjiang’s Exquisite Cambrian Fossils 


THE DISCUSSION at the symposium in Nanjing was fascinating, 
but for me it was only a prelude to what | most eagerly 
anticipated: our visit to the Chengjiang fossil site itself, 
arguably the best Cambrian fossil site in all the world. It did 
not disappoint. 


Shortly after the symposium, we set out for the 
Chengjiang site with Chinese paleontologist J. Y. Chen and 
his colleagues, including Ms. Zhou, a highly respected 
paleontologist from the Nanjing Institute of Paleontology, 
who had a fossil, Misszhouia, named after her. Our journey 
began with a plane ride more than 1,000 miles across 
southern China to the southwestern city of Kunming. After 
departing from the plane, our group squeezed into a small 
car with all our gear, and after a nearly two-hour ride past 
villages and over the mountains, we settled into a quaint 
hotel nestled in the agriculture town of Chengjiang in the 
middle of tobacco fields. As we later explored our 
Surroundings, | realized this hotel was the fanciest one in 
town. 


Early the next morning, we took a short ride up the red 
rolling hills behind the town. The bouncing dirt road led us 
past a smoking phosphate mine processing facility and 
ended near a small quarry of loose yellow rocks, quite 
unremarkable in appearance. It looked just like several other 
hillsides in the region. Little did | know that this was the 
Original site of one of the greatest discoveries of animal 
fossils—a place most paleontologists all over the world 
would love to visit. 


We piled out of the vehicle and traipsed the short 
distance to the unassuming quarry. Ms. Zhou knew this 


place like the back of her hand. She skillfully wielded her 
geological axe a few times and cracked open some ordinary- 
looking yellow rocks. Suddenly an exquisitely preserved 
Shrimp-like animal appeared in front of our eyes! Although 
the specimen was over 500 million years old, we could 
clearly see the fossilized image of its eyes, antennae, legs, 
and even the hairs on its legs. No wonder pale-ontologist 
Xian-Guang Hou once remarked that one of the Chengjiang 
fossils looked “as if it was alive on the wet surface of the 
mudstone.”* | eagerly followed Ms. Zhou’s lead and found 
half a dozen fossils myself in an hour. It seemed that 
everywhere we looked at the site we came across more of 
these exquisite, ancient fossils. 


| want to share with you some photos of these 
remarkable fossils my colleagues and | have taken over the 
years. Some were taken on my first visit to Chengjiang. 


One particular fossil fish, Myllokunmingia fengjiaoa, was 
discovered by Professor D. G. Shu and reported on in the 
journal Nature.° | was privileged to visit Dr. Shu’s lab, and 
was thrilled when he took out this specimen and | was able 
to examine it in person under a light microscope. 


The Chengjiang site is not the only Cambrian site to 
testify to the remarkable nature of the Cambrian explosion. 
For instance, the Burgess Shale in Canada (more on that 
remarkable fossil site below) also points to the abrupt 
appearance of many new phyla during the Cambrian. One of 
the more remarkable fossils from this Canadian site is 
Metaspriggina, a 500-million-year-old fish fossil (Lower- 
Middle Cambrian) showing a pair of well-developed eyes. 
There is little doubt that both invertebrate compound eyes 
and vertebrate camera eyes were already well developed 
early in the Cambrian era.® 





Figure 5.2. Ste/lostomites, a disc-shaped, soft-bodied animal with a well- 
developed u-shaped gastrointestinal tract (the dark curved section at the 
lower right of center). Modern jellies belong to a different phylum and do not 
have this gastrointestinal tract. 





Figure 5.3. Triangular structures surrounding the Ste//ostomites are conical 
shells of Hyoliths. Recent studies consider both as filter feeders related to 
other phyla, such as Phoronida and Brachiopoda, not sea jellies and mollusks. 





Figure 5.4. Worms from the species Maotianshania cylindrica. 





Figure 5.5. The arthropod Leanchoilia is found in both the Chengjiang 
deposits, as well as the Burgess Shale in Canada. 





Figure 5.6. A well-preserved trilobite specimen from the Maotianshan 
Shale. 





Figure 5.7. Hundreds of Haikouella, phylum Chordata, were found near the 
Chengjiang site in 1999. 
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Figure 5.8. Recreation of a graphic provided by Professor Shu to the author, 
comparing the expected increase of phyla over time under the traditional 
evolutionary model (/eft) versus the actual data showing a large number of 
phyla originating in the Cambrian and a loss of some of those phyla over time 
(right). 


Top Down vs. Bottom Up 


ON ANOTHER trip, a few years after my initial trip, | took a 
television production team from Hong Kong to visit Professor 
D. G. Shu and his lab at North West University in Xian, 
China. He gave us his diagram comparing the traditional 
concept of the development of animal phyla with his own 
study and conclusion. The traditional model predicted that 
the number of animal phyla would gradually increase with 
time (left side drawing in Figure 5.8), beginning with a single 
or a few phyla. However, his research turned the traditional 
model upside down, showing that at the beginning of the 
Cambrian, most of the animal phyla appeared abruptly, and 
the number of Cambrian phyla decreased over time, by 
extinction (right side drawing). This pattern in the Cambrian 
fossil record may be as damaging to Darwinian theory as 
the sudden appearance of phyla. 


Avoiding the Hard Facts 


IN THE 1990s, before the Cambrian explosion data from the 
Chengjiang fossil site was widely known, a museum in 
Golden Gate Park, San Francisco, featured an exhibit called 
the “Hard Facts Wall.” On the wall, hard rocks containing 
fossil soecimens were displayed and arranged in the pattern 
of a tree, as if the hard facts supported the idea that the 
history of life had followed a branching-tree pattern as 
predicted by Darwin. 


There was just one problem. It wasn’t true. 


A trained geologist, John Wiester, was_ suspicious. 
Wiester, a member of the American Scientific Affiliation and 
its Committee for Integrity in Science Education, looked into 
the ages of the fossils on display and found that many of the 
fossils were not placed in the proper geological layers 
according to their age. Some of the older fossils were placed 
at the same level as younger fossils, while some of the 
younger fossils were placed in older geological layers. The 
overall history of these fossils could be fit into the pattern of 
Darwin’s tree only by twisting the data. 


Appalled, Wiester wrote an article entitled “Shell Games 
in California” showing that if the fossils had been arranged 
according to their true ages, they would show a pattern of 
parallel straight lines, with each line representing an animal 
phylum and the base of these isolated lines appearing 
abruptly at about the same time, around 550 million years 
ago.’ In colloquial terms, this would be a “lawn model” 
rather than a tree model. 


Wiester’s analysis of the museum fossils gained 
corroborating support from what paleontologists were 
uncovering at Chengjiang. The data from this fossil site, 
released since 1995, substantiates this concept of a lawn 
model rather than a tree model. All the animal phyla there 
appear abruptly in the geological column, close together in 
time, and with no clear connections between them. 


When | later learned of the Hard Facts Wall exhibit, | 
wondered why the museum staff would create an exhibit 
that was inconsistent with the actual data. The museum 
staff could perhaps be forgiven for not knowing about the 
Cambrian fossil discoveries in China that were starting to 
shake up the world of paleontology,® but why, | wondered, 
would the exhibit purposely misrepresent the ages of the 
various fossils just to make it look as if Darwin’s prediction 
of a branching tree were true? 
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Figure 5.9. Representation of the Hard Facts Wall exhibit (top), and of the 
actual fossil data (bottom). Notice on the bottom the abrupt appearance and 
the lack of a branching tree pattern. 


Another interesting feature on the original Hard Facts 
Wall was a series of large magnifying glasses placed over 


every branching point of the evolutionary tree. But, 
ironically, if viewers looked closely, under every magnifying 
glass, without exception, there were no fossils, just empty 
Space. In other words, according to Darwin’s theory, at each 
branching point there was supposed to be a common 
ancestor, but the museum did not, and could not, show any 
fossils of a common ancestor between two groups, and for a 
very simple reason: no such common ancestors had been 
found. 


If museum visitors didn’t look closely, the Hard Facts Wall 
looked like an impressive confirmation of Darwin’s 
prediction. But to the trained eye, the Hard Facts Wall 
inadvertently demonstrated that the pattern of the fossil 
record contradicts that prediction. 


Thankfully, this Hard Facts Wall exhibit did not survive 
when the museum reopened after a major renovation. On a 
new wall there was a display entitled “Timeline of Life on 
Earth,” showing major events starting 4.6 billion years ago 
when the Earth was formed and continuing to the later start 
of life on Earth and onwards. 


In two separate visits soon after the renovation, | looked 
to see how they would show the Cambrian explosion, which 
by that time was much better known in the scientific 
literature. Unfortunately, it turned out that the most 
important discovery in paleontology of the twentieth 
century was completely missing. The major events shown 
on the museum wall jumped from 650 million to 450 million 
years ago, completely skipping the Cambrian explosion! 
Again, | wondered why the museum would omit this critical 
piece of evidence that challenged Darwin. | still wonder if 
this evidence will eventually be included. 





Figure 5.10. California Academy of Sciences museum display of the 
“Timeline of Life on Earth,” missing one of the most important discoveries of 
the twentieth century in biology: the Cambrian Explosion, approximately 530 

million years ago. 


Beijing National Museum of Natural History 


| HAD another, more positive, museum experience halfway 
around the world. Several years after my first visit to 
Chengjiang, | visited the National Museum of Natural History 
in Beijing. To my pleasant surprise, | found a large room 
housing an exhibit called the “Cambrian Big Bang of Life.” A 
beautiful collection of Chengjiang fossils were on display. In 
the summary diagram, the museum showed a lawn model 
to illustrate the development of animal phyla since the early 
Cambrian period, instead of the textbook standard 
Darwinian tree model. The Beijing diagram was much more 
consistent with the actual fossil record. 


In the Beijing diagram, vertical solid parallel yellow lines 
were used to represent the history of animal phyla. The 
phyla were correctly depicted with most of them beginning 
in the early Cambrian, and the parallel lines with no 
interconnections between them showed that there was no 


known evolutionary relationship between the phyla since 
that time. Only the solid lines for the sponges and mollusks 
extended earlier into the late pre-Cambrian (reflecting that 
sponge and mollusk fossils had been found predating the 
other phyla), and the other phyla had only dotted lines 
before the Cambrian, raising the question of whether they 
had an earlier origin. It was gratifying to see that the Beijing 
exhibit was much more accurate than the San Francisco 
museum's exhibit, showing the actual data rather than 
trying to uphold the Darwinian tree model in the face of 
contrary evidence. 
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Figure 5.11. Panel from a fossil exhibit at the Beijing National Museum of 
Natural History, noting the challenge to Darwin’s theory posed by the 
Cambrian fossils at Chengjiang. 


Perhaps more remarkable was the concluding panel of 
the Beijing exhibit, quoting a concern Darwin himself had 
raised in The Origin of Species. Darwin acknowledged that 
the sudden appearance of a large number of animals during 
the Cambrian period might challenge his theory. The last 
panel of this museum display concluded by observing that 
the discovery of the Chengjiang fauna and other fossils had 


confirmed the reality of the Cambrian Explosion, confirming 
Darwin’s concern and underscoring the challenge to his 
theory. 


| was grateful for the remarkable opportunity | had 
received several years earlier to visit Chengjiang and see 
firsthand in the field the fossils that challenge Darwin's 
theory. The Beijing exhibit gave me hope that perhaps more 
people would start to learn the truth about the fossil record. 


Reflecting on these two very different museum 
experiences, | am reminded of the ironic observation made 
by Chinese paleontologist J. Y. Chen when answering 
questions after a lecture he gave in the United States on 
one of his visits: “In China, we can criticize Darwin, but not 
the government. In America, you can criticize the 
government, but not Darwin.” 


A Mountain of Evidence 


A Few years later, in the early 2000s, | was privileged to 
participate in another discussion about the cause of the 
Cambrian explosion, this time on a mountaintop in 
southwestern Canada. 


Several Canadian geologists, along with researchers from 
Discovery Institute’s Center for Science and Culture, invited 
me to join them on a special guided hike up Wapta Mountain 
in Canada’s Yoho National Park to visit the Burgess Shale, 
the most famous Cambrian fossil site in the western world. 
This site was discovered in 1909 by Charles Walcott, 
secretary of the Smithsonian Institution of the United States. 
This was the site all Chinese paleontologists | knew would 
consider an honor to visit. To me, the opportunity was the 
chance of a lifetime, and | happily accepted the invitation 
without hesitation. 


Our group met in a small parking lot at the base of the 
mountain on a sunny day in July. It took us more than four 
hours to make the hike. We needed to stop and rest often, 
especially on the last stretch. At some points the trail 
seemed to go straight up (not actually, but it felt like it!) and 
the air was thin. 


When | finally reached the site of the Burgess Shale, | 
looked around at the surrounding snow-covered mountains, 
glaciers across the valley, and the quarry right beside me, 
trying to imagine how Walcott and others worked there a 
century ago. 


For visitors now, it is prohibited to collect fossils or even 
any rock samples at the site, but we could turn over loose 
rocks left by previous workers. | found a variety of partly 
broken marine invertebrate fossils scattered around. | could 
recognize many well-preserved arthropods, worms, sea 
jellies, and brachiopods. Most of them were similar to those | 


had seen in China, but there were a few unique fossil 
species | had not seen before. However, they all belonged to 
the same set of body plans present in both locations. 


Our guide, who held two PhDs in related fields, gave an 
excellent introduction to the history of discovery and studies 
since Walcott. He opened a steel lockbox kept at the site, 
brought out a wonderful collection of exquisite fossils 
representing many phyla, and gave an interesting talk on 
each of them. In his concluding remarks, he praised the 
wonderful process of evolution for producing such a rich 
treasure millions of years ago and stated that without 
evolution there would be no humans now. 


The youngest member of our group, a teenager, asked 
our official guide a very simple question: “Where did all the 
new DNA come from?”—meaning that an _ explosive 
appearance of very different body plans and different kinds 
of organisms must need a significant amount of new DNA to 
code for them. Where did such diverse sets of new DNA 
come from in this explosive event? 


Our guide had seemingly never thought of this question 
before, as he hesitated for a few seconds and finally 
acknowledged, “That is a very good question.” It seemed to 
me that he had decided that evolution must somehow have 
produced all the new DNA, and that he had decided this 
without even considering how this could have occurred. 
Hopefully the honest question of an inquisitive teenager 
gave our guide something to think about in the days after 
our visit. 


Cambrian Quagmire 


HAVING REFLECTED On the many discussions about the potential 
causes of the Cambrian explosion, both in the scientific 
literature and in conversations that | have participated in 
stretching back to my initial trip overseas to visit to the 
Chengjiang fossil site twenty years ago, it strikes me that 
not much progress has been made along traditional lines. 
Most people are still bogged down in some form of the 
Darwinian framework even though the fossil record suggests 
something quite different. 


Some do try to think outside the traditional box. In 
November of 2016, many distinguished biologists and 
scientists met at a conference hosted by the Royal Society 
of London, one of the most distinguished scientific 
organizations in the world. A key area under discussion was 
the growing’ dissatisfaction with the neo-Darwinian 
explanation for the generation of biological novelty. 


Two years later, an announcement for a conference held 
in Salzburg, Austria, was even more direct in its critique of 
neo-Darwinism: “For more than half a century it has been 
accepted that new genetic information is mostly derived 
from random, error-based events,” the announcement read. 
“Now it is recognized that errors cannot explain genetic 
novelty and complexity.” 1° 


What sort of progress have evolutionists made in coming 
up with a purely materialistic alternative to modern 
Darwinism for the Cambrian explosion? The situation has 
become so desperate that recently several scientists from 
different fields joined together to propose that the Cambrian 
animals, as well as the first life on Earth, came from outer 
space.!! There is precious little evidence for this extra- 
terrestrial theory. | see this kind of proposal as an admission 


of how existing evolutionary explanations for the Cambrian 
explosion, Darwinian and otherwise, have failed. 


In contrast to these proposals, which try to provide a 
purely naturalistic explanation for the explosion of life in the 
Cambrian, philosopher of science Stephen Meyer and others 
have proposed intelligent design as the best explanation. 
The idea certainly fits the fossil data much better than does 
traditional evolutionary models.!2 


My Study of the Precambrian Sponge Embryos 


FINALLY, | want to share with you my own experience 
studying some of the remarkable early life forms on Earth, 
and briefly explore the light it sheds on the question of 
animal origins. 


During my studies as a graduate student in the 1960s, | 
learned techniques to study the structure of living animal 
tissues and cells using electron microscopes. Mastering 
these techniques turned out to be very useful when applied 
to minute specimens in rocks. 


Years later, as | was cooperating with scholars from 
different parts of China, we found large numbers of nearly 
perfectly spherical objects in 570-million-year-old 
phosphorus-rich rocks from Guizhou province, China, just 
east of Kunming City. This is from the period just before the 
Cambrian layers. The rock samples were cut into half-inch 
slices and glued onto microscopic glass slides. Then the rock 
slices on the glass were carefully ground by hand down to 
wafer-thin so that we could study them through light 
microscopes. 


In many of the thin rock slides, we found many 
microscopic round fossilized objects. Some of these spheres 
were algal cell fossils. These were easy to identify by their 
thick cell walls and daughter cells that tend to adhere 
together, sharing a common cell wall as they divide. But a 


large percentage of the spheres appeared to be the fossils 
of sponge cells and embryos with characteristic spicules. 
(No other known group of animals contains spicules.) The 
Sponge eggs and early embryos were in the range of 0.6 to 
0.7 mm in diameter. In 1999, we presented our findings at a 
scientific conference in Kunming, China, sponsored by the 
Early Life Research Center and the Chinese Academy of 
Sciences. 13 


My techniques in scanning electron microscopy came in 
handy in later research. In those further studies, | 
photographed these sponge eggs and early embryos at 
much higher resolutions. After carefully cracking them open 
and using a scanning electron microscope, | could identify 
cellular structures inside the cells, such as the nuclei and 
granules of egg yolk, that light microscopy could not 
resolve. In 2001, my colleagues and | presented another 
paper illustrated with scanning electron micrographs at a 
conference at the University of California, Berkeley, 
detailing our discoveries.1!4 


During this work | was amazed by the discoveries we 
made, but as | look back now after more than a decade, | 
find that | am even more amazed by what we didn’t see. 
When my colleagues and | searched through thousands of 
570-million-year-old thin slides of Precambrian rock samples 
and photographed thousands of isolated objects under a 
scanning electron microscope, we found only sponges and 
algae, and no forms of life that even approached what one 
might deem bilaterian animals. The humble sponges were 
as close as it came, and even the _ identification of 
Doushantou/Weng’an_ fossils aS sponge embryos has 
recently been disputed.?!° 





Figure 5.12. Electron microscope image of 570-million-year-old small round 
fossils of sSoonge specimens and algae. 





Figure 5.13. Top /eft: Well-preserved fossil of sponge egg cell with the outer 
membrane intact. Jop center. Fossil of sponge embryo at the two-cell stage 
with the outer membranes removed. Top right: Fossil of soonge embryo 
cracked open showing cellular content of three cells. Bottom /eft: Enlarged 
and rotated image of the same fossilized embryo, showing the round nucleus 
in three dimensions at the center of the cell. Bottom center. Embryo stage 
where more than thirty cells can be counted. Bottom right: Fossilized sponge 
embryo at a more advanced stage of development. 


My understanding is that scientists and their students at 
several labs in China have also studied those Precambrian 
rocks and confirmed our discoveries of sponge eggs and 
embryos. Adult sponge body fossils were also reported. 
Some evolutionists were hoping to find more animal remains 


that could be claimed as Cambrian precursors. So far, the 
rocks refuse to yield the evidence these researchers were 
hoping for. The problem is exacerbated by the fact that 
evolutionary theory predicts countless missing links 
between sponges (or some still earlier, simpler life form) 
and the Cambrian animal phyla. The theory needs countless 
transitionals, but continues to go begging for even a very 
few. 


Some have tried to rescue evolutionary theory by 
claiming that there might have been many precursor 
animals leading up to the Cambrian, and it’s just that 
Precambrian conditions were not very good at preserving 
those fossils, so those precursors are missing from the fossil 
record. But if the conditions for fossil preservation were so 
poor, why did they manage to preserve soft, delicate 
sponge eggs and early embryos, and preserve them 
extremely well, including the nucleus in eggs and embryo 
cells? Given this, why have no precursors to the Cambrian 
animals yet been found? 


Alternately, if—as a few Precambrian fossil specialists 
have suggested—the Doushantou/Weng’an fossils are not 
sponge embryos, then one might again try to argue that the 
Cambrian explosion is merely an artifact of an incomplete 
fossil record. But any attempt to dismiss the Cambrian 
explosion as mere illusion, with or without Precambrian 
sponge embryos, flies in the face of mounting evidence. 


As German paleontologist Gunter Bechly notes,!© vast 
fossil troves of Ediacaran-age fossils have recently been 
discovered in Mongolia and China,!’ and these sites lack 
any bilaterian animals and have only yielded fossil algae. 
The fact that these rocks preserve soft-bodied fossils like 
algae is significant because these localities are of the 
Burgess Shale type, which shows that the preservation 
conditions were capable of preserving small, soft-bodied 
organisms—exactly the type of creatures that are proposed 


to be the ancestors of Cambrian animals. The fact that they 
do not preserve anything that resembles such animal 
ancestors indicates that those animals were simply not 
present. Even a recent paper in PNAS that tried to downplay 
the Cambrian explosion acknowledged that these new sites 
show that animals are unknown from the Ediacaran not 
because of preservational issues, but because they 
definitely did not yet exist.1® 


What of those who interpret certain trace fossils as 
Suggesting possible animal forms in the Precambrian, thus 
partially mitigating the astonishing efflorescence of new 
animal body plans in the Cambrian? “The Ediacaran record 
falls far short of establishing the existence of the wide 
variety of transitional intermediates that a Darwinian view 
of life’s history requires,” Meyer comments. “The Cambrian 
explosion attests to the first appearance of organisms 
representing at least twenty phyla and many more subphyla 
and classes, each manifesting distinctive body plans. In a 
best case, the Ediacaran forms represent possible ancestors 
for, at most, four distinct Cambrian body plans, even 
counting those documented only by trace fossils. This 
leaves the vast majority of the Cambrian phyla with no 
apparent ancestors in the Precambrian rocks.”+9 Further, the 
majority of alleged animal trace fossils from the Ediacaran 
has been refuted by a recent experimental study, which 
exactly reproduced all these traces as artifacts of stirred up 
bacterial mats.2° 


And as we Saw at the beginning of this chapter, it isn’t 
just Meyer and other design theorists. Indeed, that the 
Cambrian explosion was a real event is the mainstream view 
of Cambrian paleontologists. As Erwin and _ Valentine 
emphasize, “Several lines of evidence are consistent with 
the reality of the Cambrian explosion.”2! Or as observed by 
Martin Scheffer, a Dutch ecologist, winner of the Spinoza 
Prize, and a member of the US National Academy of 


Sciences, “It could be that earlier rocks were not as good for 
preserving fossils,” but we now know that “well preserved 
fossils do exist from earlier periods, and it is now generally 
accepted that the Cambrian explosion was real.”22 


Listening to the Whispers of the Past 


Darwin recognized that the fossil record posed a serious 
difficulty for his theory. He hoped that future discoveries 
would overturn the picture and confirm his prediction of a 
slow, gradual, step-by-step evolutionary process, complete 
with a fossil record that looked like a branching tree. 
However, since Darwin’s time the fossil record has 
stubbornly refused to confirm his prediction. Instead, as we 
have discovered more— including the remarkable fossils 
sites in China and Canada testifying to the astonishing 
diversity and suddenness of the Cambrian explosion— 
matters have only gotten worse for Darwin’s story. 


What are we to do with these findings? Rather than 
pretending Darwin’s tree is still healthy, rather than hiding 
data or presenting a one-sided picture for museum 
attendees, we need to find the courage to accept the fossil 
record for what it is, including the fascinating record of the 
abrupt appearance of numerous animal phyla during the 
Cambrian in an explosive burst of creativity. Then we need 
to follow this evidence, this insistent pattern, to the best 
explanation. | submit to you that the best explanation 
invokes the only cause with the demonstrated ability to 
generate new biological form and information so quickly. It 
is the one cause known to create in a top-down pattern such 
as we find in the fossil record. That cause is intelligence. 


Review: Your Turn 


1. Where did Paul Chien go to see fossils from the 
Cambrian period? 


Why do scientists refer to a “Cambrian Explosion?” 
‘ What is it about the appearance of these animals on 
the Earth that is like an “explosion” or a “Big Bang”? 


. What is it about the Cambrian Explosion that 
challenges Darwin’s theory of evolution? 


. Why do you think the San Francisco museum exhibit 
placed the fossils in the shape of a tree, with some 
fossils in the wrong place on the timeline? 

. How was the Beijing museum’s exhibit different from 
the San Francisco museum’s exhibit? 

. Why is it significant that so many soft-bodied sponge 
and sponge embryo fossils have been preserved right 
before the time of the Cambrian Explosion? 
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